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PRESIDENT OF THE UNITED STATES, 



TKANSMITTING 



The report of the Board of Engineers for the purpose of ascertaining the 
feasibility J permanencey and cost of construction and completion of the 
Nicaragua Canal fry the route contemplated and provided for by the act 
which passed the Senate January 26 j 1895. 



FiKBRUART 1, 1896. — ^Referred to the Committee on Interstate and Foreign Commorce, 
March 4^ 1896.— Ordered to be printed. 



To the House of Representatives: 

PnrsasDt to the reqaest made in a Hoase resolution passed on the 
30th day of January, 1896, 1 herewith transmit the report, with accom- 
panying maps and exhibits, of the Board of Engineers under the pro- 
visions of chapter 189, of laws of 1895, for the purpose of ascertaining 
the feasibility, permanence, and cost of the construction and completion 
of the Nicaragua Canal by the route contemplated and provided for by 
the act which passed the Senate January 28, 1895, entitled <^An act to 
amend an act entitled ^An act to incorf)orate the Maritime Canal Com- 
pany of Nicaragua,' approved February 20, 1889." 

QuovEB Cleveland. 
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LEHER OF TRANSMITTAL. • v r .-. , ; 



Nicaragua O^afAi, Board, 

New Torky October 31y 1895, 
The President. 

(Throagh the State Department) : 

The Board of Engineers appointed pursuant to a provision in the 
aet of Congress approved March 2, 1895, has the honor to sabmit here- 
with its report^ accompanied by appendixes and maps, illustrative of 
the major features of the Nicaragua Oanal project. 

The act required personal inspection by the Board of the route of 
the canaL This was made in the months of May and June, and the 
Board desires to express its obligations to the honorable the Secretary 
of the Navy for the use of the U. S. S. Montgomery as a means of trans- 
portation to and from Nicaragua, Gosta Bica, and Colombia, as well as 
for authorizing the detail of a naval medical officer to accompany and 
attend the Board and its party, and to the commanding and other offi- 
cers of the Montgomery for continuing courtesies. 

The survey of the anchorage and approaches to Qreytown Harbor, 
made under the direction of Commander Davis, by Lieutenant Lyman 
and his associates, has been of great value to the Board in preparing 
its report. 

Sailing from Mobile May 7, and arriving at Greytown, Nicaragua, 
Hay 13, the Board was received at the wharf by United States Consul 
O'Hara, by the comandante, General Eivas, and by two commissioners, 
Don Maximiliano Sonnensteru and Mr. Julius Wiest, representing the 
minister of public works, with instructions to aid and cooperate with 
the Board in its investigations. 

Throughout Nicaragua the Board was received with marked atten- 
tion by the State officials, was given a special audience by the President 
aod his cabinet at Managua May 28, and was granted the free use of the 
State telegraph and of the Government vessel on Lake Nicaragua. 

At Greytown the Board made a full and careful examination of the 
entire locality, surveyed the shore lines preliminary to the hydrographic 
survey by the officers of the Montgomery^ and inspected the company's 
works, including the pier, the three-fourths mile of canal, and the 11^ 
miles of railroad, and May 21 left in the river boat for the inspection of 
the San Juan, lightering over the Machuca, Castillo, and Toro Eapids, 
and stopping over at Castillo and Fort San Carlos, on the lake shore, 
where the San Juan was gauged and other observations made. Thence 
by lake to Granada, the survey party stopping off at Bivas^ to prepare 
for the inspection of the western division. 

Betnming from Managua, the Board left Eivas May 29 for Brito, on 
horse and mule back, provisions and camp equipage going by ox carts. 
May 30 made examination of Brito Harbor, and returning went over the 
canal route thoroughly, in part on foot, to the mouth of the Bio Lajas 

(HI the lake. 
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8 NICARAGUA CANAL. 

Jane 5 inspected the harbor between Ometepe Island and the shore 
by means of the Oovernment steamer JEl 93y and Jnne 6 left Bivas for 
the return trip across the lake and down the river to Ochoa. 

At Ochoa, June 9, the Board was met by Prof. Henri Pittier, of Costa 
Bica, who had been deputed by the President of that State to furnish 
all facilities possible for travel and information as to matters within 
the Costa Bica jurisdiction. 

The Board is specially indebted to Professor Pittier for valuable 
information recently received with reference to volcanic and seismic 
phenomena in Costa Bica and Nicaragua, which might by possibility 
affect the permanence and stability of canal work, and his communica- 
tion forms one of the appendixes to this report. 

June 9 the Board and party left on foot for the journey through the 
forest, over the line of the San Carlos Bidge, and both the canal and 
embankment lines of the entire eastern division, gauging the streams 
and noting everything of interest in connection with the canal route, 
and arrival back at Greytown on the evenuig of June 18. 

June 19 took the river boat and inspected the Lower San Juan and 
the Colorado Biver and mouth, and after further surveys of the Grey- 
town Lagoon and an inspection of the company's buildings, sailed in 
the Mon^omeryy June 24, for Port Limon, Costa Bica. 

Messrs. Davis and Stanford, of the Board's party, were left in Nica- 
ragua, with instructions to make an examination of the vicinity of the 
Serapiqui Biver, to ascertain, if possible, the probabilities of finding 
sites for low dams. Mr. Davis's report is one of the accompanying 
appendixes. 

From Port Limon the Board inspected the Costa Bica Bailroad, 
en route to San Jose, where the courtesies and hospitalities extended 
by the President and the gentlemen of his cabinet command most 
grateful remembrance. 

To the Hon. Lewis Baker, United States minister, and to M. C. 
Keith, esq., who built the Costa Bica Bailway, the Board is indebted 
for valuable aid and information. 

Before returning to the United States, the Board deemed it needful, 
as a means of ascertaining the stability of canal work in Central Amer- 
ica, to make an examination of the present condition of the Panama 
Canal, and procured valuable evidence, corroborating observations in 
Nicaragua and Costa Bica, of unexpected permanence of embankments 
and excavations under a tropical rainfall. 

At Colon the Board was greatly indebted to United States Consul 
J. L. Pearcy, and to Col. A. L. Bives, manager of the Panama Bailroad, 
for unremitting hospitality, attention, and cooperation. The gentlemen 
representing the engineer staff of tne canal company kindly gave the 
Board the use of steam launches both at Colon and Panama, for the 
examination of the sea level sections of the canal. 

Beturning to New York in the Montgomery July 21, the Board has 
since been engaged in the arduous task of a fiiU and careful investiga- 
tion of the canal company's records and data, representing a formidable 
accumulation — the work of many years. 

The Board desires to take occasion to express its sincere obligation 
to the officers of the canal company for their ready and unfailing dispo- 
sition to aid in every way in the investigation. The records have been 
placed freely and fally at the Board's disposal, and every facility given 
for their examination. 

In its inspection of the canal route, the Board had the advantage 
of being accompanied by the chief engineer and an assistant, and it was 
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foand that the company had not only opened ap the entire canal line 
ready for inspectiony bat had provided camps in the eastern division, 
provisioned them, and engaged a number of native porters. Every 
need of the Board for fidl inspection had been, as far as possible, antici- 
pated, largely through the exertions of the official representative of the 
eompany at Managua. 

It should be said at once that had it not been for the trouble taken 
and the large expense assumed by the company in making the arrange- 
ments indicated, the Board would have found itself, with the means 
famished by the appropriation, crippled at the outset, as the clearing 
of the route and the construction and provisioning of camps would have 
drawn heavily upon both its time and its resources, and left little of 
either for the later investigations in New York and the preparation of 
the report. 

The Board is aware, better perhaps than anyone else can be, of the 
inadequacy of its discussion of the features of the canal project. 

The subject is one of great magnitude, and, before sound opinions 
could be formed, the entire matter had to be thoroughly studied and 
the great mass of data, some of it confused and some of it discrepant, 
formulated, recorded, and as far as possible digested. 

The Board received its commissions at the hands of the honorable 
Uke Secretary of State April 25, and the act required the report to be 
made to the President on or before November 1. The interval since 
the return to the United States, July 21, has been devoted to unremit- 
ting labor, and no endeavor has been spared to make the information 
furnished in the report as complete as the circumstances permitted. 
That it is imperfect the Board regrets, and in justification can but 
plead the magnitude of the undertaking, the limited time and means 
available, and the lack of necessary data. 

The act of Congress and the instructions from the State Departmeikt, 
of which copies are api)ended, are precise as to the scope of the inves- 
tigation to be made by the Board. It was the << fsasibility, permanence, 
and cost of the construction and completion of the canal ^ that was its 
clearly defined object, and it was the actual canal route itself, with possi- 
ble deviations, and the '^ plans, profiles, sections, prisms, and specifica- 
tions for its various parts" that the Board was to investigate. 

This phraseology left no doubt as to the nature of the Board's duties. 
They were purely professional, and limited to the consideration of engi- 
neering data, and the Board has endeavored to the best of its ability, 
and in the light of the responsibilities imposed, to discharge the duties 
intrasted to it. 

William Ludlow, 
Lieutenant' Oolonelj Corps of Engineers^ United States Army. 

MOBDEOAI T. EnDICOTT. 

Civil Engineer^ United States Kavy. 
Alfred Noble, 

Civil Engineer. 
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OF THE \ 



V 

LETTER OF mSTRUCTIONS BY THE SECRETARY OF STATE. 



Department of State, 
Washingtoiiy April 25^ 1895. 
Gbmtlkmen: Pursuant to the provisious of that part of the sundry 
civil appropriation act (Public, No. 122) approved March 2, 1895, cou- 
stituting a board of three engineers, to be appointed by the President, 
to make the survey and examination necessary in order to ascertain 
the feasibility, permanence, and cost of the construction and completion 
of the Nicaragua Ship Canal by a certain route mentioned in the act, 
and to consider the plans, specifications, and estimates therefor under 
sach arrangements and regulations as shall be made by the Secretary 
of State with the approval of the President, you have been appoints 
by the President, who has selected you on account of your well-known 
fitness for the important work; and it is incumbent upon me, as Sec- 
retary of State, to communicate to you the following instructions, which 
have been approved by the President, for the guidance of the Board : 

1. The Board will proceed to New York and there examine the engi- 
neering and other cognate data relative to the proposed ship canal 
which may be found of record in the ofiQce of the Interoceanic Canal 
Comi>any or elsewhere. 

2. U]K>n completion of this work, the Board will proceed to San Juan 
del Norte (Greytown), Nicaragua, by such means as are or m«ay be 
made available, and personally inspect the route of the proposed canal 
and the termini thereof, and make such further examinations and veri- 
fications of data as shall be deemed necessary. 

3. Upon the completion of its work in the field, the Board will return 
to the United States and engage in the preparation of its report in 
accordance with the requirements of the act. 

4. For the prosecution of its work, and to facilitate to the utmost the 
procnrenieut and formulation of the necessary data within the pre- 
scribed limits of time and within the appropriation provided by the 
act, the Board is authorized to purchase in open market such materials, 
including instruments, field outfit, provisious, and other supplies, as in 
its judgment are desirable and necessary for the purposes of the pre- 
scribed survey and examination, and to employ such skilled and other 
assistance as it may deem essential, and to pay such rates of compen- 
sation therefor as may be deemed proper. 

5. The President has fixed the compensation of the members of the 
Board at $5,000 each in full of all services rendered under their appoint- 
ment, as provided in the act. 

6. An itemized account of all disbursements, with proper vouchers, 

will be submitted through the Department of State for audit; and 

Brt Lieut. Col. William Ludlow, major. Corps of Engineers, United 

States Army, is hereby designated to act as the disbursing officer of 

tbe Board and to make re<iuisition for funds and to account for the 

same. 

u 
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12 NICARAGUA CANAL. 

7. A copy of 80 mach of tbe act as relates to this subject is annexed 
for the guidance of the Board, attention being specially called to the 
requirement that it shall make report to the President on or before 
November 1, 1895. 

I am, gentlemen, your obedient servant, 

W. Q. GbeshAlM. 
Bvt. Lieut. Col. William Ludlow, U. S. A., 
Civil Engineer M. T. Endicott, U. S. N., and 
Alfred Koblb, Esq., 

Board to Survey and JExamine the Nicaragua Canal RoutCj 

Washington^ J). 0. 



[Bxtnot from aot afiproved If aroh l, 1806.] 

For the pnrpose of ascertaining the feasibility, permanence, and cost of the con- 
stmotlon and completion of Nicaragua Canal by the route contemplated and pro- 
Tided for by an aot which passed the Senate January twentr-eighth, eighteen hundred 
and ninet^-fiTO, entitled ''An act to amend the act entitled 'An act to Incorporate 
the Maritime Canal Company of Nicaragua/ approved February twentieth, eighteen 
hundred and eighty-nine,'' twenty thousand dollars, to be expended under the direc- 
tion of the Secretary of State. 

And a Board of three engineers is hereby constituted to make the survey and exami- 
nation necessary for such ascertainment; said Board to be selected and appointed by 
the President of the United States; one from the Corps of Engineers of the United 
States Army, one from the Engineers of the Navy, and one from civil life; and the 
compensation of the members of said Board shall be fixed by the President, not to 
exceed five thousand dollars each, including such pay as the engineers so selected are 
receiving, for the time they are employed, from the Government. And the said Board, 
under such arrangements and regulations as shall be made by the Secretary of State, 
with the approval of the President of the United States, shall visit and personally 
inspect the route of the said canal, examine and consider the plans, profiles, sections, 
prisms, and specifications for its various parts, and report thereon to the President; 
and should they ascertain that any deviation from the general line of the proposed 
route is desirable they shall so state in their findings and conclusions with regard 
thereto in their report. 

And said Board shall make their rejiort on or before November first, eighteen hun- 
dred and ninety-five, and the appropriation shaU be immediately available.. 
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REPORT OF THE NICARAGUA CANAL BOARD. 



GENERAL PHYSICAL DESCRIPTION 
CHABACTEBISTICS OF THE NIGABAOUA BASIN. 

The Cordillera or monntaiii ridge that divides the Paciic drainage 
from that of the Atlantic, having crossed the northwest boundary of 
the State of Nicaragua and reached a point about 35 miles north of 
Lake Managua, separates into two branches. 

The eastern divide, continuing the general southeast course, parallel 
with the northeast shore of Lake Nicaragua, and 20 miles distant from 
it, bears directly toward Oreytown, on the Caribbean coast, sending a 
spur across the San Juan YaJley at Ochoa, and terminates on the bor- 
ders of the San Juan delta. 

The western divide, first inclining southwest for about 50 miles toward 
the Pacific, heads Lake Managua, and thence goes southeast parallel 
with the Pacific coast, at an average distance of 10 miles, to connect 
with the main divide in the high ranges of Gosta Bica. 

The rectangular basin, inclosed on three sides by the two divides, has 
a length northwest and southeast of, roughly, 200 miles, with an aver- 
age width of about 60 miles, and an approximate area of 12,000 square 
miles, coveringLakes Managua and Nicaragua and the territory draining 
into them. 

There are no maps of Nicaragua based on accurate surveys, and 
scarcely any two agree. The distances, areas, etc., noted may, there- 
fore, be considerably in error. 

Lake Managua has a length of about 35 miles and a maximum width 
of 20, and discharges into Lake ]^icaragua across the neck of land 14 
miles wide that separates thera, through the Tipitapa Biver, which has 
a length of 23 miles and a fall of about 25 feet from one lake to the 
other. 

During the dry season the visible outflow from Lake Managua dis- 
appears and the bed of the Tipitapa is dry, and such surplus of supply 
over evaporation as may exist must escape through fissures in the rocky 
bed. 

Lake Nicaragua has a length of 110 miles and a maximum width of 
45, and an area of about 2,700 square miles. 

The only outlet for the drainage of the basin is the San Juan Biver, 
which leaves Lake Nicaragua near its southeast end, and flowing par- 
allel with the east divide range, at an average distance of 12 or 14 miles, 
sweeps round its southeast termination and discharges through the sev- 
eral channels of the delta which it has built out into the Caribbean Sea. 

l^e San Juan is a fine stream of large volume even at low water, 
an average width of 300 vards and total length of 120 miles, flowing 
between stable banks clad with dense tropical vegetation, and is nav- 

13 
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14 NICARAGUA CANAL. 

igable for river steamers throughout its length, with the exception of 
some rapids in the upper portion that at low stages interrupt the pas- 
sage of boats. 

. The valley of the San Juan on the north is limited by the east divide 
until the head of the delta is reached. It is therefore narrow and hilly 
and the affluents small. On the south side the conditions are reversed. 
The drainage area is bounded by the lofty crest line of the Costa Rican 
range 40 or 50 miles distant, the streams are large and torrential and 
in times past have brought down great quantities of sand and volcanic 
detritus. 

In the upper reaches between the rapids the current is moderate, the 
bottom firm, and the water clear, but these characteristics change from 
where the San Carlos comes in, below which the bed of the San Juan 
Eiver is of sand and the current turbid and strong. 

The main volume of the river reaches the sea through the Colorado, 
leaving little more than 10 per cent to reach Greytown by way of the 
Lower San Juan. 

Lake Nicaragua is notable for its generous dimensions, for the mod- 
erate elevation of its surface above sea level, and for the proximity of 
its west shore to that of the Pacific. The strip of land separating them 
is at the narrowest but 12 miles across, and at one point on the divide 
the elevation, 154 feet above sea level, is less than at any other that 
has been discovered on the isthmus. 

These facts, in conjunction with the navigability of the San Juan 
River, which furnishes access to the lake from the Caribbean and per- 
mits vessels to reach a point so near to the Pacific, have from the ear- 
liest times attracted attention and given prominence to the Nicaragua 
route as a feasible means of communication across the isthmus. 

The surface elevation of the lake, considering its large area and the 
capacity of the San Juan River to discharge the surplus waters of the 
drainage basin, varies within rather wide limits. The mean low stage 
has been taken at about 102 feet above mean sea level. It has been 
observed at 110 feet as a high stage, indicating a range of 8 feet, but 
from reliable data gathered by the Board its surface has been as low 
as 96^ and as high as 111, an extreme range of 14^ feet. These varia- 
tions no doubt correspond to variations of rainfall which, in the Tropica 
as elsewhere, has its recurring periods of maxima and minima through 
terms of years, but of which there is no sufficient record, any more 
than of the oscillation of the lake, to enable the cyclic laws of sequence 
to be ascertained. These data are of importance in connection with 
the use of the lake as the summit level of a canal system, as affecting 
the design and construction of the depending works, and the consider- 
ation of future probabilities. 

The lake has not been surveyed either for coast line or hydrography, 
but enough is known to warrant the conclusion that its general depth 
is ample for all purposes of navigation. A sounding of 109 feet ig 
shown off Ometepe, which would put at least a portion of its bed neai 
the sea level. At the southeast end, behind the Solentiname group, the 
shores are low and the lake becomes shallow, with a soft bottom. At 
14 miles from shore the soundings show 22 feet at mean low lake, dimin* 
ishing to 6 feet a mile from Fort San Carlos, where the San Juan has 
it« outlet. 

The coasts on both sides are, in general, rocky, the east side being the 
bolder, rising toward the 1,000 and 2,000 feet elevations of the east 
divide. Toward the northwest end of the lake the mountain of Mom- 
bacho occupies the shore and overlooks the city of Granada, 



Digitized by 



Google 



NICARAGUA CANAL. 15 

The preyalent wind is the east northeast trade, blowing across the 
isthmus from the Caribbean Sea and causing a moderat^e surf on the 
wtet shore. It varies in strength from calm to fresh, with occasional 
sqnalls and shifts of wind. Little is known of the force and direction 
of storms. If such occur, they must be of brief duration and no great 
Tiolence, as there is no evidence at any point of severe wave action. 
The crib piers, loosely built of notched logs and half filled with stone, 
that do duty as wharves at San Jorge and Granada, would not stand 
an hour's blow on Lake Michigan, and the calm and shallow expanse 
at the lower end of the lake negatives any suggestion of a heavy sea 
from the northwest. 

Numerous islands are distributed about the lake, some of them of 
considerable dimensions. The most conspicuous lies within a few miles 
of the west shore, about midway of the lake, with a length of 20 miles. 
From either end the superb cones of Ometepe and Mc^era rise to an 
altitude of a mile above sea level, dominating the landscape in every 
direction and incidentally furnishing excellent harborage between 
island and shore. 

The pure and symmetrical concave outlines of Ometepe, its lower 
third buried in verdure, its steep upx>er slopes of sand and ash, pale- 
green and brown, according to the light, its pointed summit and 
plume of cloud trailing toward the Pacific, with heavier belts of vapor 
encircling it below, forming and disx>ersing with frequent changes, and 
gradually settling toward the base at nightfall, make a picture of sur- 
passing beauty and interest. From the shore or lake its altitude can 
not be realized, and only from the interior, looking over an intervening 
elevation, is a true idea gained of the scale on which it is constructed. 

Fourteen mUes northwest of Ometepe is another mountain island, 
Zax>atera, where numerous ancient and gigantic stone images are found 
concealed in the heavy forest. 

The geologic history of the Nicaraguan basin is obscure. Glacial 
action, submergence, emergence, volcanic eruptions, and seismic con- 
vulsions have all played their part in the tumultuous and chaotic past, 
to confase the record and puzzle the observer of to-day. There is good 
reason to believe that, so far as the more violent phenomena are con- 
cerned, which were centralized along the line bordering the Pacific, now 
marked by the range of peaks at frequent intervals, the forces that 
produced them are practically exhaust^. The latest volcanic outburst 
of any moment was one hundred and twenty-five years ago, when the 
volcano of Masaya, 15 miles northwest of Granada, poured a stream of 
lava 10 miles toward Managua. Momotombo, rising 6,000 feet above 
sea, on the north shore of Lake Managua, 90 miles distant from the 
canal route, and some of the still loftier Costa Bican volcanoes, 60 mUes 
or BO southeast from Lake Nicaragua, still give evidence of a moribund 
vitality, but the intervening peaks seem almost if not quite at the 
point of extinction. 

As far as earthquakes are concerned, it is true that tremors occur 
from time to time, as in other countries, our own for example; but for 
a very long period there has been no such destructive action in Nica- 
ragua as accompanied the Charleston earthquake. 

There seems no reason, therefore, to apprehend a disturbance serious 
enough to imperil the stability of canal constructions, at least any 
of such moment and imminence as would warrant the abandonment 
cf the enterprise, if in other respects its execution were deemed advis- 
able. 

There is a marked difference in characteristics between the regions 
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lying on either side of the lake. The Atlantic slopes are generally a 
con^sed mass of steep clay hills, heavily timbered and interspersed 
with deep swamps and level bottoms. Cultivation and population th^re 
are none, with the exception of the occasional clearings along the banks 
of the San Jnan. 

On the west side the soil is volcanic tofa or decomposed lava, most 
of it extraordinarily fertile. The country is more open, the forest 
growth less heavy, and the variety of products, natural and culti- 
vated, remarkable. On this side are concentrated the bulk of the 
population rjid the wealth of agricultural products. 

HABBOBS. 

The west coast of Nicaragua has excellent harbors, the best of which, 
however, viz, the Oulf of Fonseca and the bay of Salinas, lie at the ter- 
ritorial limits of the State. 

The principal one is Gorinto, in the northern province of Ghinandega, 
whence there is communication by rail and steamboat with Managua 
and Granada. 

San Juan del Sur, 8 miles southeast of Brito, is small and with steep 
slopes inland. 

Brito is merely an indentation in the coast line at the mouth of the 
Bio Grande. 

On the Garibbean coast the principal harbor is Bluefields, about 70 
miles north of Greytown, where there is an ample inclosed bay, and 
the Bluefleld Biver is navigable for a long distance inland. A railroad 
is projected from the head of navigation to reach San Ubaldo, on the 
east shore of Lake N'icaragua. The condition of what once was the 
harbor of Greytown is elsewhere stated in this report. The mouth of 
the Golorado has a depth of 8 to 12 feet on the bar and ample harbor- 
age inside, but the entrance is a shifting and dangerous one, compli- 
cated by the powerful current of the river and the detritus carried 
down by it. 

The range of tide in the Garibbean is about 15 inches, and at Brito, 
on the Pacific, about 9 feet. 

As nearly as has been determined, the mean sea level is the same in 
both. 

BAnVFALL Am) DBAINAGB. 

The most serious problems affecting the design and construction of a 
canal system at the present time are those involved in the heavy rain- 
fall and consequent discharge from the lake and streams, whose varia- 
tions of surface and volume must be taken into account. 

On these points the existing data are seriously defective, both in 
respect of number and continuity. 

There is a rainfall record at Greytown for the three years 1890, 1891, 
and 1892 which shows a mean of 267 inches, a maximum of 297, and a 
minimum of 214. 

A record at Bivas, on the west side^ kept by Br. Flint, an American 
resident, for the years 1880 to 1894, gives a mean of 65 inches, a maxi- 
mum of 105, and a minimum of 32. 

In addition to these, there is reliable information of precipitations of 
3 inches in an hour, of 9 inches in nine hours, and 35^ inches in eight 
days. 

A record of nearly 25 feet of water in a year on the Garibbean coast, 
diminished to 5^ feet between the lake and the Pacific^ needs no oom- 
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ment to indicate the important results that must ensue with refeience 
to matters of local drainage and engineering constructions. 

It would be of value if intermediate points had been occupied, and 
the diminution of rainfidl traced from Greytown to Brito, but the 
observations in this respect ace scattering and unsatisfactory. 

Similar variations in precipitation are found between Colon and 
Panama, and it is evident that the water-laden trade winds deposit the 
greater portion of their burden before passing the divides, although 
there is reason to believe that when an opening occurs, as, for examjde, 
the broad lower valley of the San Juan, the heavier downpour may 
locally continue for a considerable distance upstream beyond the divid- 
ing range. 

But it is with reference to the effect of this precipitation in the vary- 
ing volume and floods of the lake and rivers that the deficiency of data 
» most keenly felt, since it is uxKm information of this kind, accurately 
re«»ded and carefully studied, that depends the solution or the serious 
engineering problems involved in the matter of canal coustruction. 

The height, cross section, and volxune of cuts, dams, and embank- 
ments, and the dimensions of locks, weirs, and sluices to he constructed 
for the maintenance and utilization of the summit level, the precautions 
to be taken to make these works secure, and the loss in elevation of 
water surface due to droughts or deficiency, all these depend for their 
determination f^on the fiillest and most precise gaugings of all the 
water courses concerned, following their variations of volume and ve- 
loeity throughout their range; and, even with these most carefully 
ascertained, allowance would still have to be made for possibilities 
occurring at long intervals. 

This information has not been secured. The survey by Colonel 
Childs in 1851, and that by Oommander Lull in 1873, made some gaug- 
ings daring the brief period of the field work, but took account mainly 
of low- water data only, to determine if there was a sufftcient supply for 
an ordinary low-level canal. 

The canal company has omitted attention to these matters, and made 
no carefful gaugings at any point, and this omission is the more to be 
regretted, because the company's project calls for the construction of 
numerous dams and embankments of magnitude, some of them withont 
precedent in engineering practice, and all involving serious hydraulic 
problems. 

While the variations of precipitation are great, the average annual 
cycle in Nicaragua is taAtlj simple. 

The rainfall follows the sun; greatest when passing the zenith, less 
when furthest north, least when farthest south. This gives a << wet 
season,'' begfinning in late May or early June, culminating in July and 
August, diminishing in September, increasing again in October and 
November, and.fUling off in Bec^nber. From January to April, inclu- 
fflve, is the '^ dry season," a nominal one at Oreytown, where rain may 
iaQ on any day in the year, but much more marked on the west side, 
wh«e for several months the rainfall will be small or intermitted alto- 
geth^. In the former case the air is always humid ; in the latter it 
nay be dry and parching for considerable periods, with corresponding 
effects upon vegetetion and soil. 

CLIMATE. 

The climate of Nicaragua is commonly misunderstood, and it is not 
realized that every summer in the United States gives a thermometric 
n. Doc. 279 2 
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record hlglier than at any time in Nicaragaa, where it seldom exceeds 
90O or falls below 70^, making an average range of abont 20<^« 

These temperatures, which represent what would be a moderate sum 
mer heat in the United States, in Nicaragua continue throughout the 
year, and it is this fact, in coiyunction with the high humidity, that so 
seriously reduces the value of physical labor in the Tropics. 

The trade winds blow from the sea with a mild persistence that is 
very grateful in the shade, but prolonged exertion is exhausting, and 
the net product is much less than in temperate sones. It is important 
that account of this fact be taken in estimating for the cost of the work. 

The question of healthfnlness must also be referred to in this connec- 
tion. There seems little reason to beUeve that the general conditions 
in Nicaragua inyolve any special rate of mortality. So &r as statistics 
are attainable, they indicate healthfiil conditions and the absence of 
epidemics. There has neyer been any yellow fever at Greytown, for 
example, except when imported, and those cases were readily isolated 
and cured. The prevalent diseases are mild types of remittent and 
intermittent fevers, occasionally of a pernicious and fatal type. There 
is no typhoid. Consumption is rather frequent, and skin diseases com- 
mon among the natives. 

The causes of this comparative exemption from the curses of other 
tropical climates are probably two: The trade wind blowing with much 
steadiness landward constantly renews the atmosphere with the sweet 
sea air, and carries off or dilutes unsanitary emanations. The heavy 
rainfall washes the air and frirniBhes an abundance of fresh drinking 
water condensed from the ocean vapors. 

With pure water and pure air and a moderate equable temperature, 
the hygienic conditions are certainly favorable, and only human igno- 
rance and neglect of sanitary precautions would occasion an excessive 
mortality. These are the normal and natural conditions, which, how- 
ever, may be greatly modified when excavations are made, the rich 
humus, charged with decomposing vegetation, exposed, and the malarial 
fongoias taken up by the atmosphere. It is in these conditions that 
have occurred the heavy death rates on the Panama Railway and Oanal, 
and, as ascertained by the Board, on the line of the Costa Bica Bail- 
way from Port Limon to San Jos^. The natives suffer from these 
artificially produced endemics or epidemics as well as foreigners, and, 
as might be expected^t is the Jamaica negro who comes nearest to 
securing exemption. W hen the railwav was building, great drafts were 
making on the Jamaica population for the Panama Canal, and labor was 
sought elsewhere. The United States negroes were neither procurable 
in sufficient numbers nor adapted to the climate. The Chinese imported 
are stated to have died like sheep, and of a large number of Italians 
brought in but a small proportion ever returned. 

In case of building the Nicaragua Oanal, it will be needful probably 
to call upon the population of Jamaica for the necessary labor. This 
is represented to be about 400,000, and 15,000 or 20,000 could be brought 
over under contract. 

They make good laborers when well handled and controlled, as com- 
pared with other inhabitants of the Tropics, and adapt themselves more 
rapidly to new conditions. 

The Nicaraguan natives are less effective for work to which they are 
unaccustomed. They make excellent porters, woodsmen, and river 
boatmen, but for labor with pick and shovel or a barrow would be found 
undesirable and probably not procurable at all. 

For the working camps, the sanitary requisites would be an ample 
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Bapply of freeh rain water delivered on the ground, and good food, witli 
pientj of plantains and irnit; shelter and dry floors, dry bedding, ample 
bathing fiEbeilities, and no grogshops. 

The climate, and other conditions call for moderation in food and 
drink and an almost entire abstinence from the use of alcohol, which 
afaonld be reserved strictly for medicinal porposes. 

With the additional precautions of wearing light woolen clothing 
next the skin and the prevention of anything like constipation, the 
natural hygienic conditions in Nicaragua are as good as elsewhere, and 
perhaps superior to those prevailing, for example, in certain malarial 
districts in the United States. 

GENERAL DESCRIPTION OF THE NICARAGUA CANAL PROJECT. 

The canal project now under consideration is a gradual development 
due to successive investigations made at intervals during the past fifty 
years, and, for a better understanding of the matter, the history of 
these may be briefly reviewed. 

THE CHILDS PEOJECT— 1862. 

The first authentic survey and actual location of a canal route across 
Nicaragua were made by Col. O. M. Ohilds in 1850, 1851, and 1852, at 
the instance of the then existing Transit Company, which had estab- 
lished transisthmian communication with California by steamer firom 
Gr^own via the San Juan Eiver to Virgin Bay on the west shore of 
Lake Nicaragua, and thence by stage to San Juan del Sur, a small 
natural harbor on the Pacific coast, about 8 miles southeast of Brito. 

Hie river navigation proved troublesome and uncertain at low stages, 
and the Transit Company sought means to better these conditions, and 
to continue the water route across the narrow neck of land that sepa- 
rates the lake and the Pacific, with the object of securing a continuous 
depth of 17 feet. 

Colonel Childs, an expert canal and railway engineer, of high repute 
in his day, was engaged to make the surveys, and his report, which has 
constituted the basis of all subsequent investigations and is still a 
valuable source of original information not elsewhere fbund, evinces the 
thoroughness with which his work was done. 

He examined the several possible routes between the lake and the 
Pacific, and decided in &vor of a line via the Bio Grande and Lajaa 
Rivers — ^the former an ocean and the latter a lake affluent, between the 
head waters of which the divide was lower and the route more practi- 
cable than at any other point. The line determined Brito^ at the mouth 
of the Bio Grande, as the Pacific terminus, notwithstanding its lack of 
natural advantages as a harbor. 

Ohilds found the ordinary high level of the lake to be about 108 feet 
above mean sea level, and proposed to hold it at that elevation by means 
of two dams, one at Buen Betiro, in the Bio Grande Yalley. 9| miles 
west of the lake, and the other at Castillo, in the valley or the San 
Juan, 37| mfles east of the lake. The distance across the lake from 
the mouth of the Liyas to Fort San Carlos, where the San Juan Biver 
leaves it, being 56^ miles, the total length of summit level, was 103} 
milee. 

To continue the canalization of the San Juan below Castillo were six 
more dams, the lowest at a point one-half mile below the mouth of the 
Serapiqui, and 91 miles from the lake, where the canal was to leave 
the river and follow its left bank to Grey town, at that time an excellent 
harbor. 
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The difference of elevation between summit and sea level was to be 
overcome by 14 locks on each side, with a maximum lift of 8 feet. 

The total length of the proposed navigation was 194.4 miles, made 
op as follows: 

Miles. 

Canal between Brito and the lake shore 18.6 

Across lake, Lajas to San Juan River 56.6 

Slack water in San Jaan by seven dams 90.8 

Canal to 17 feet water in Greytown 28.5 

Total , 194.4 

The locks were to be 250 by 60 by 17 feet, the bottom width of the 
canal 50 feet, increased to 90 feet at tnrnouts, and of excavated chan- 
nels in river and lake 150 feet. 

The total estimated cost of the project, including 15 per cent for 
contingencies, was $31,538,319, based on the supposition that on the 
average the expense for construction would be about double the cost 
of similar work in the State of New York. In a supplementary report, 
Colonel Ghilds provided for raising the summit level 3 feet higher, 
viz, from 108 to 111, by making a corresponding increase in the height 
of the terminal dams at Buen Retire and Castillo, with the object of 
reducing the cost of deepening the navigation in the upi>er 37 miles of 
river and out to deep water in the lake. 

THE LULL PROJECT— 1873. 

In 1872 a United States Government expedition was fitted out for 
the reexamination of the Childs route. The final report of the explora- 
tion, including location and estimates for a canaL were made under 
date of December 1, 18.73, by Commander Lull, U. S. N., with whom 
was associated as chief civil engineer Mr. A. 6. Menocal, the present 
chief engineer of the canal company. 

The Lull project contemplated a canal of 26 feet depth. It lowered 
Childs's summit level to 107 feet, and on the west side, instead of the 
Lajas, adopted the valley of the Medio, a lake affluent 3^ miles to the 
northward, as a means of reaching the valley of the Kio Grande, which 
was thence followed to Brito. The Medio had a much higher divide 
than the Lajas, involving more excavation, but was a trifle shorter, and 
believed preferable as a means of avoiding interference with the canal 
by the discharge irom the upper valley of the liio Grande. For the 
ascent to the lake, 11 locks were projected, with maximum lift of 10^ 
feet. For the canalization of the San Juan 4 dams were to be buil^ 
the uppermost at Castillo, the lowest at a point 66^ miles from the lake 
and 1 mile below the mouth of the San Carlos River. To avoid com- 
plications from the discharge of this important stream, it was proposed 
to cut a new channel for it to the San Juan River below the dam. The 
canal was to leave the river at this point and follow the left bank to 
the outlet of the San Juanillo, and thence to Greytown by an almost 
direct course. 

Ten locks of maximum lift of 10.87 feet furnished the means of descent 
from the lake to the Caribbean. 

The total length of the Lull summit level was 102 miles, and of the 
navigation from Brito to Greytown 181J miles, made up as follows: 

Canal from Brito to lake at month of Medio 16^ 

Across the lake^ Medio to San Jnan River 56^ 

Slack water in the San Juan by four dams and short canals 66^ 

Canal to Greytown 42 

Total ItU 
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The locks were to be 400 by 70 by 26 feet, the bottom width of canal 
50, 60, and 72 feet iu different sections, of excavated river channel 80 
feet and lake channel to — feet. 

As Grey town Harbor had been destroyed since Colonel Ghilds exam- 
ined it, the cost of its restoration, including an item of $100,000 for 
shutting off the Lower San Jaan Biver from the harbor, was estimated 
at abont $2,500,000, and the estimated cost of the entire project, inclad- 
ing 25 per cent for contingencies, was $65,722,147. 

The instrumental work by the Lull survey was not adapted to much 
more than a preliminary location, the levels were not checked, and for 
tbe 66} miles of river to the lowest dam below the San Carlos the 
transit and level line covered about 26 miles only, the remainder being 
run with a gradienter, used by the hydrographic party under Lieuten- 
ant Miller, U. S. N. 

The unit prices used in computing cost, as is to be inferred from a 
statement in the report by Mr. Menocal to Commander Lull, were appar- 
ently based on the supposition that they would not exceed those for 
similar work in the United States. 

MR. MENOCAL'B PROJECT— 1885. 

In 1885 Mr. Menocal, under (government direction, made a partial 
reexamination and relocation, and the results are given in his report of 
November of that year. 

The project was for a depth of 28 feet and in some places 30 feet. On 
the west side the route adopted was substantially the original one of 
Cbilds via the Lajas and Bio Qraude, provision being made for the 
diversion of the upper coarse of the latter stream. The summit level 
m the lake was to be raised to an elevation of 110 feet above mean sea 
level, and this height overcome by four locks with a maximum lift of 33 
lieet 

For the canalization of the San Juan a bold measure was proposed, 
viz, the construction at Ochoa, a point 3^ miles below the San Carlos 
Eiver and 69 miles distant from the lake, of a dam in the San Juan Biver 
which would have a height of nearly 60 feet above water surface, and 
by flooding the valleys of the San Juan and San Carlos convert them 
into an extension of the lake itself, whence the canal could abandon 
the river altogether and go eastward at the higher elevation directly 
toward Greytown. 

To provide both for the maintenance of the lake level at 110 feet and 
for the discharge of the San Juan, a slope of 4 feet was assumed for 
the entire distance, and it would therefore be at the elevation 106 feet, 
or abont 60 feet above the river at low stage, that the canal would leave 
it and carry the water level eastward. In order to do this it would be 
necessary to build extensive dams across the valleys of several small 
stn^ms, the San Francisco being the largest, which discharge into the 
San Jnan, and convert them into basins connected by short lengths of 
eanal, and beyond these constructions to cut through the eastern divide, 
with a maximum depth of about 320 feet, in order to reach the valley of 
the Deseado, flowing toward Greytown. The distance through the 
basins from the San Juan to the west side of the divide cut is 12 miles, 
and through the divide cut 3 miles, whence descent is made in the 
Deseado Valley to sea level by means of three locks, one of which has 
a lift of 53 feet, and by a canal 16^ miles in length to Greytown. 

By this bold expansion of the earlier projects a material shortening 
of the line would be effected, as well as a valuable extension of the 
onobstmcted navigation of the summit leveL 
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The total distance from Brito to Grey town is stated at 169.8 miles, 
made up as follows: 

MOM 

Brito to lake 17.27 

Lake Li^as to San Jaan 56.50 

Slack water in tke San Juan 64.54 

San Franaciaco Basin Oohoa to eastern divide 12. 01 

Cat throngh the eastern diyide 3.00 

Canal to (&eytown 16.48 

The total length of summit level is given at 144.8 miles. 

A discrepancy in river distance between tilie lake and Ochoa, more 
particularly referred to hereafter in the detailed account of the river 
navigation, occurs first in the report of 1885, and calls for an addition 
to the length of summit level, and to the entire navigation of about 
4 miles. Lull used about this length of short canal in the river, and 
deducted it firom the river navigation proper. This reduced river 
length has by inadvertence been carried forward into the 1885 and sub- 
sequent reports as the total length of the river navigation. 

Making the correction, the summit level would be about 149 miles 
and total navigation from sea to sea 174 miles. 

As designed in 1885, the locks were to be 650 by 65 by 29 feet; the 
bottom width of canal 80 feet, increased at the terminals to 120 feet; 
of excavated channel in river 125 feet, and in lake 150 feet 

The estimated cost of the project, including 25 x>er cent for contingen- 
cies, was $64,036,197; but the item for contingencies is made to include 
the cost of surveys, hospitals, shops, management, and other necessary 
expenses, in addition to the construction contingencies proper. 

It is aamitted in the text of the report that the cost of work in Nicara- 
gua should be estimated as greater than in the United States, but the 
unit prices adopted do not indicate that the necessary allowance has 
been made in all cases. 

No borings were made to ascertain the depth of foundation, presence 
of rock, distribution of materials, etc. 

The Ochoa Dam was to be built of concrete, with foundations 20 feet 
below the river surface, the depth of water varying from 6 to 17 feet, 
but the nature of the subjacent river bed was not ascertained, nor was 
it then known that to retain the water level in the San Garlos Valley 
at 106 feet, an extensive system of embankments would be required 
along its eastern coast 

THE CANAL COMPANY'S PEOJECT— 1890. 

Under the direction of the company, eight survey parties were 
employed, from December, 1887, to June, 1888, when the number was 
reduced to two or three. A still larger force worked from the spring of 
1889 to the summer of 1890, when the parties were gradually dispensed 
with, and the last one withdrawn in 1891. Borings were continued to 
as late as 1893. 

The eight parties comprised six land parties, one hydrographic party, 
and one boring party. 

Borings were made along the line of the canal; the western division, 
lake to Brito, was relocated, and Oreytown Harbor surveyed. Brito 
Harbor and the east and west sides of the lake were examined and the 
San Garlos Valley and east crest line explored. A low-level line in the 
San Juan Valley was located eastward from the Ochoa Dam, but most 
ef the survey work was directed to developing the difficult topography 
over the high-level line through the San Francisco Valley and the east 
divide cut along the line originally proposed by Mr. Menocal in 1885. 
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The resnltiDg project as set forth in the final report on location by 
the chief engineer under date of Janaary, 1890, and farther elaborated 
in a paper prepared by Mr. Menocal for the Ohicago Water Gongress 
in 18d3, is sabetantially that of 1885, with some modifications and an 
important addition. 

The striking and novel features of 1885 are retained. The high-leyel 
dam at Ochoa, the long series of embankments through the San Fran- 
cisco basins, the 3-mile cut through the east divide and the locks of 
high lift are adhered to. 

Additional basins and dams are added in the Deseado Valley east of 
the divide cut, provision is made for embankments along the east crest 
of the San Carlos Yalley to retain its flowage line at an elevation of 
106 feet, and most important of aU, the extension of the summit level 
westward from the lake is provided for by the construction of another 
high-level dam at La Flor, a contracted point in the Bio Grande Yid- 
ley 3.8 miles from the Pacific, converting the valley above into a basin 
4.6 miles long at the lake level, and making a corresponding reduction 
in the length of excavated canal. 

The elevation of the summit level is retained at 110 feet and its 
length increased to 153| miles, the total distance irom Brito to Grey- 
town being 160} miles. These two data require the addition of about 
4 miles of river, as before noted. 

Sea level is reached on each side by three locks, with a maximum lift 
of 45 feet and dimensions 650 by 70 feet. The bottom width of the 
canal is 80 and 120 feet, of the river channel 125 feet, and lake channel 
150 feet. The depth in the terminal canals and in the river is 28 feet, 
and elsewhere 30 feet. Through the rock cuts of the east and west 
divides the channel is 80 feet wide and 30 feet deep, with vertical 
idea. 

Some proposed construction details may be noted. The high level 
dams at Ochoa and La Flor, as well as the heavy embankments in the 
San Francisco and Deseado basins, are to be built of assorted rubble 
from the divide cuts, backed with clay, and these dams are in most 
cases to act as weirs for the discharge of surplus water over their crests 
and down the rear slopes. 

The diamond-drill borings made at the site of the La Flor Dam were 
extremely unfavorable to its construction, and the earth auger borings 
made at the site of the Ochoa Dam indicated sand as deep as 25 feet 
below the bed. Judging from the depth of the river section below the 
San Carlos, the sand underlying the Ochoa site may be 50 or 60 feet in 
depth. 

The slope of 4 feet in the river, from the lake to Ochoa, assumed 
in the 1885 project, is retained as a datum for the water surface eleva- 
tion at Ochoa, and the heights of other dams and embankments, and 
depth of cats. 

The basis for the computation of water supply from the lake summit 
level, as given in the report, is the assumed minimum and maximum 
discharge of 11,390 and 18,059 cubic feet per second, respectively, from 
which an arithmetical mean of 14,724 cubic feet is deduced, as the mean 
discharge from the lake, with which the maximum amount needed for 
lockage is compared to show that the lake discharge is ten times greater 
than necessary for this purpose, and allows an ample margin for losses 
doe to leakage through the dams. 

Both the maximum and minimum discharges assumed are greatly in 
error, and, in any case, the available supply will be measured, not by a 
mean, however computed, but by its minimum, whatever that may be. 
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In the present case there is reason to believe that the maximnm may be 
double, and the minimum as little as one-half or one-third that assomecl. 
Bat, indep^dently of the actual quantities, which are not knowu, the 
company's computation overlooks the important fact that the lake has 
a range, varying doubtless in series of years, of from 5 to 15 feet 
between the highest and lowest stages, rising during the wet season 
and falling during the dry season. The fall is due to two principal 
causes, viz, the discharge by river and the loss by evaporation, which, 
for so large an area, may be more than equivalent to the visible outflow 
at low stages. 

The low-water discharge represents, therefore, not supply at all, but 
reservoir loss, which must be controlled if the summit level elevation 
of 110 feet is to be maintained, and the maintenance is essential if the 
depth of channel in lake and river is not to be materially reduced. 

To prevent the lake fi*om lowering it jnll therefore be necessary, not 
merely to check the discharge during the dry season, but to store water 
at a higher elevation than 110 feet toward the close of the wet season, 
in order to allow for losses by evaporation and necessary uses, which 
for several months will be in excess of the natural accessions from rain- 
fall and inflow from the lake watershed. 

This matter is elsewhere treated more in detail, and is referred to here 
for the reason that it constitutes one of the most serioms problems iu 
connection with the canal construction, and illustrates the impoitance ot 
a thorough investigation of all hydraulic data pertinent to its solution, 
as regulating the height and dimensions^ of every dam, weir, and chan- 
nel section along the summit level. 

For example, in the 1893 Chicago paper, which gives more elaborate 
data than the final report of 1890, the Ochoa Dam is to have a weir on 
its crest 1,250 feet long, and at an elevation of 105 feet, while the weirs 
in the San Carlos Ridge, with a length of 1,200 feet, are fixed at an ele- 
vation of 103.5 feet. 

The computation is made that, with these arrangements and the 
river surface at 106 feet, the discharge over the weirs will be at Ochoa 
2,900 cubic feet per second, and at the San Carlos weirs 11,300, a total 
of 14,200 cubic feet, which equals the computed mean discharge from 
the lake. During the dry season it is evident that if the low-water 
flow of the river becomes less than this the 106-foot elevation can not 
be held, and the river at Ochoa will run down to the lowest outlet it 
can find, which will be the sill of the San Carlos weir, at an elevation 
of 103J feet, and the depth of navigation to the eastward will be re- 
duced by 2i feet. At the same time it may be observed that to regulate 
the discharge of high water from the lake and prevent its rising to an 
undue and damaging height is also a difficult matter, the consideration 
of which is involved with that of the control of the low-water period, 
both depending upon hydraulic data not now available. 

Note may also be taken of the results to the river navigation below 
the Ochoa Dam, due to the suspension during the dry season of the 
lake discharge. It will have to depend upon the Serapiqni and a few 
other small affluents, and the main river bed will be practically dry. 

The company's surveys, other than the borings, were mainly topo- 
graphical and did not include the procuring of hydraulic data. Few 
gaugings of value were made for this purpose, and there was no sur- 
vey of the San Juan at all, or endeavor to ascertain its regimen, or of 
that of the lake. 

The total cost of the canal is stated in the company's estimate of 
1890 at $65,08^,176, including 25 per cent for contingencies, which, how- 
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erer, as in 1885, cover the cost of shops, hospitals, and management 
diso. The unit prices used are in general somewhat less than those of 
1885. 

The company's estimates inclade an item of $275,000 as representing 
tbecostof a canal to connect Lakes Kicaragna and Managua via the 
Tipitapa Eiver. 

The connection constitutes no portion of the ship-canal project, and 
has DOt been investigated by the Board. Its appearance in the com- 
paoy's schedule is due to a requirement in the concession from the 
Nicaragua Government- 
There are no estimates of the damages that may be incurred by reason 
of the submergence of lands, and in the absence of any data the Boar<l 
has not endeavored to ascertain what amount should represent this item. 

Subsequent to the final report of 1890 several important changes 
have been made in the project as indicated in the Chicago paper above 
referred to, in the Board's correspondence and interviews with the chief 
engineer, and otherwise. 

These may be briefly referred to. 

The company's recent publications make the lock widtb 80 feet instead 
of 70 feet. This is an error, as, for the present at least, the 70-tbot 
dimension is retained. 

The position of lock 3, east of the east divide cut, and terminating 
the summit level, has been moved westward to a better location, and 
the dam is to be of concrete, with a sluice in it. The maximum lift of 
locks is reduced to 40 feet. The east divide cut is widened from 80 to 
100 feet. The dams and embankments of the Deseado and San Fran- 
cisco basins are to be of clay instead of rock fill, and are not to be used 
as wets for surplus drainage; sluices and separate weirs being pro- 
posed for that purpose. 

The height and volume of the embankments has been greatly aug- 
mented and extensive excavations added for foundations in mud bottoms. 

The cube of the Ochoa Dam has been increased one- half, and concrete 
slnices have been provided for the San Carlos Kidge. 

The rock cut through the west divide has, like that in the east divide, 
been widened from 80 to 100 feet. 

A concrete core wall is added to the La Flor Dam and a separate 
waste weir provided, and the estimates for the western division locks 
largely increased. 

As these modifications call for large additions to the quantities and 
oost scheduled in the detailed estimates of 1890, the company, at the 
Teqnest of the Board, revised the data, and the result is given in 
the accompanying table of estimates of aate 1895. 

The total cost of the project as now estimated by the company is 
$66,796,800, about $1,700,000 in excess of the total of 1890. 

On comparing the two schedules, it is seen tbat, while important 
enlargements of and additions to the proposed works have been made, 
the increase in total cost is in much less proportion by reason of reduc- 
tions in the assumed unit prices and in the item for contingencies. 

If the quantities estimated iu 1895 are computed with the same unit 
prices as in 1890, and the same allowance be made for contingencies, 
the cost of the revised project will be $78,427,534 instead of $66,796,800, 
an increase of $11,630,000. 

The matter of unit prices has been carefully considered by the Board 
in the light of all the information that could be obtained, and the table 
of estimates indicates the result, the matter being more fully discussed 
elsewhere in this report. 
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It must be noted, however, that the company has made no final detail 
or construction drawings so far as is known, and general data are relied 
npon for computing cost; the only specifications drafted are those for 
the dredging work, and the particulars as to this are in some cases 
lacking in definiteness. 

The Board does not believe that in the circumstances affecting the 
cost of work in Nicaragua, climate, rainfall, enforced importation of 
labor and material, absence of local mechanical and other facilities, 
etc., and with the experience gained in similar work at Panama and in 
Gosta Eica, the unit prices adopted as the basis for computation could 
be safely reduced. 

The several portions of the canal project will be discussed in detail 
under separate heads, beginning at GreytowD and proceeding westward. 

For convenience, three general designations will be used: 

(1) The eastern division, from the Caribbean to the San Juan Biver 
at Ochoa. 

(2) The lake and river division, from the Ochoa Dam to the west 
shore of the lake. 

(3) The western division, from the lake to the Pacific 

The company's estimates include items for lighting the various sec- 
tions of the canal, aggregating in all $373,000. The Board has made 
preliminary estimates for the same purpose, finding occasion to increase 
largely the estimate for Brito Harbor and at some other points, and 
diminish the requirements where the company provides for electric 
lighting elsewhere than at the locks. 

The total figures provisionally estimated by the Board are $500,000, on 
the general principle that there should be a light about every quarter 
of a mile, and in curves twice this number. 

The Board is of opinion that while the canal sections and basins can 
be so lighted as to permit of navigation at night, this will be found a 
very difficult matter in the case of the 69 miles of river between the 
Ochoa Dam and the lake. The navigation here will be sufficiently diffi- 
cult in the daytime for long, heavy vessels traversing channels of con- 
siderable curvature in a current that during the rainy season may reach 
2 or 3 miles an hour, particularly in view of the fact that the submerged 
channel is without banks. 

The estimate, however, includes lights for the river. 

For the lake channel, range lights are needed to mark the axis of the 
14 miles of cut, with three pairs of skeleton beacon lights in the lake 
bordering the cut, an additional light at Fort San Carlos on the north 
bank, a lighten the Bocas Islands half a mile northward of the canal 
entrance, another on the north end of one of the Solentiname Islands, and 
one on the south end of the Madera Island. 

The canal entrance on the west shore should have lights on both pier 
ends and each side of the canal. 

The main lights at the harbors should be first-order seacoast lights, 
of the best construction and efficiency known to the service. 

REGULATION OP SUMMIT LEVEL. 

In the project of the company the lake is to be maintained at a mini- 
mum elevation of 110 feet above mean tide by means of the Ochoa Dam 
and the embankments in the San Carlos Bidge and along the line 
between Ochoa and the east divide. After the construction of these 
works, it is expected that the river at extreme low stage will have a 
fall of 4 feet fiK>m the lake to the Ochoa Dam, a distance of 69 miles, 
giving a minimum elevation of water surface at the dam of 106 feet. 
The heights of the dams, embankmentSj and regulating weirs are deter- 
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mined with reference to this elevation. In the report of 1890 (pp. 21 
and 22) the discharge from Lake Nicaragua at its lowest stage is said 
to be 11,390 cubic feet per second, and Colonel Ghilds is quoted as 
aathority for an estimate of high-water discharge of 18,059 cubic feet 
per second. With these data a calculation is made, using the numeri- 
cal mean of the two results to show that there will be a much larger 
water supply than required for canal purposes. Both the data and the 
method employed in this calculation are incorrect. 

In Appendix are given the results of all the gangings of the San 
Juan Biver of which the Board has been able to find record. They 
consist of a series of gaugings made at different points along the river 
by Colonel Ghilds in 1851; of a similar series made by Commander 
Lull in 1873; of a single gauging made by the canal company in 1888, 
and of two gaugings made by the Board in 1895. 

All the measurements of the discharge of Lake Nicaragua have been 
made at low stage, but none at the lowest. The gaugings of Lull and 
Ghilds at this point agi:ee as nearly as can be expected of gaugings 
made hurriedly and at such a long interval of time. The stage of the 
lake at the time of Lull's gauging, 102.28 feet above mean tide, has 
been erroneously accepted by the company as extreme low water. At 
the time the gauging at Fort San Carlos was made by the Board, May 
26, 1895, the stage was 101.8 feet, and the measured discharge 9,420 
cubic feet j^t second, which accords very well with the results of 
ChOdB and Lull. A lower stage than this^ however, has been of record 
more than twenty years. On the 2d of May, 1872, according to Lull's 
profile, the lake was 100.87 feet above mean tide. Still lower stages 
have been reported; the officers of the. Victoria^ a steamboat plying on 
Lake Nicaragua, showed to the engineers of the canal company a low- 
water mark whose elevation was 98.6 feet; this was confirmed by 
r^idents at the head of Tisma Lagoon, near the mouth of the Tipitapa 
Biver, at the head of Lake Nicaragua, who pointed out a ledge of rock 
extending across the river, which has been bare; its elevation is 98.5 
feet. The very lowest stage known, observed at Granada, on the west 
side of the lake, is reported by Mr. William Glimie, an English civil 
engineer, who has resided in Nicaragua for many years. Mr. Glimie 
reports a stage of 96.6 feet above mean tide. This report, coming from 
a trained civO engineer, is entitled to great weight. 

No measurement was made of the discharge of the lake at any of 
these low stages, but calculations indicate a discharge of 5,800 cubic 
feet per second at the stage reported by the officers of the Victoria 
(98.6 feet), and 3,400 cubic feet per second at the lowest stage reported 
(96.6 feet). 

These data as to low- water discharge are not, however, sufficient for 
the solution of the problem of the maintenance of lake level. For this 
purpose the lake must be treated as a reservoir. If the inflow during 
the dry season is less than the amount lost by evaporation, plus the 
amount required for canal purposes, water must be stored on the 
api»roach of the dry season and the surface of the lake raised above 
the established minimum stage. 

There is hardly any definite information as to the amount of water 
received by the lake during the dry season. Lull's gaugings, made at 
several points on the San Juan in 1873, when the river was at a low 
stage, showed that the tributary streams added little to its volume. 

ftom the Atlantic coast, where in ordinary years there is no dry sea- 
son, to the Pacific, where in ordinary years very little rain falls for five 
months, there is a more or less gradual reduction as regards rainfall, 
varied by the presence of heavily forested districts and ranges of hills 



Digitized by 



Google 



28 NICARAGUA CANAL. 

and mountains. The mean annual rainfall at Greytown for three years 
(1890, 1891, and 1892) was 267 inches ; at Bi vas, between Lake Nicaragua 
and the Pacific, the mean for the same years was 59 inches. 

No rainfall observations have been made between Eivas and the east 
divide, except for ];>eriods of a few days, and the rainfall on the eastern 
watershed of the lake is not known. There is, however, a dry season, 
although shorter than on the west side. It ms(y be assumed, although 
with much uncertainty, that on the east side ofthe lake the dry season 
continues for four months. For a considerable time after the beginning 
of the dry season the streams continue to flow, their discharge becom- 
ing less and possibly ceasing altogether. For the present purpose it is 
assumed that during a period of two months the streams are dry, the 
lake receiving no water whatever. In order to make an estimate of the 
amount of water to be stored before the opening of the dry season 
account must be taken of evaporation and requirements for lockages 
and leakages. 

The rate of evaporation in the dry season on the Isthmus of Tehuan- 
tepec was ascertained by Captain Shufeldt to be 0.19 inch per day. On 
the Isthmus of Darien it was found by Commander Selfiidge to be 0.20 
inch per day. The latter rate will be adopted here for Nicaragua. 

For calculating the amount required for lockages it is assumed, as in 
the company's estimate, that the maximum traffic through the canal 
wiU be 32 vessels per day. If all were moving in one direction each 
would require two lockfuls, less the submerged volume of the vessel; 
if moving alternately in opposite directions each would require one 
lockful, less the submerged volume of the vessel. The mean may be 
taken neglecting the volume of the vessel, or one and one-half lockfuls 
for each ; then, the maximum lift of the lock on the Atlantic side being 
40 feet and on the Pacific side 42^ feet, and the lock chamber being 650 
feet long and 80 feet wide, there will be required per day 102,060,000 
cubic feet. 

This amount, divided by the area of the summit level, in square feet, 
will give the daily lowering of the summit level in consequence of lock- 
ages. 

The area of the lake is taken at 2,700 square miles; the area of the 
San Juan between the lake and the Ochoa Dam, plus the area of the 
smaller valleys and basins submerged, will be about 110 square miles, 
making the t^tal area of the summit level 2,810 square miles, equal to 
78,338,304,000 square feet. 

The summit level will then be lowered each day by drawing off water 
for lockages 0.0157 inch. 

The leakage at the locks and sluices may be as much more. 

There will be a considerable leakage through the Ochoa Dam and 
through the 7^ miles of embankment. The amount can only be con- 
jectured, but for this estimate will be taken as 5,000 cubic feet per sec- 
ond, or 432,000,000 cubic feet per day. This will lower the summit 
level each day 0.0661 inch. 

Collecting these results, the lake will be lowered — 

Inch per day. 

By evaporation 0.20 

By lockages 0157 

By leakages at locks and sluices 0157 

By leakages at Ochoa Dam and the embankments Of)61 

Total for one day 2975 

Or a total for sixty days of 17.86 inches, equal to 1.49 feet, say 1.6 feet. 

This is the amount the lake would be lowered in sixty days with no 

inflow and no discharge except requirements for canal purposes. U 
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at the end of this x)eriod the lake is to be at 110 feet^ it mast be 1.5 feet 
higher at the beginning, or 111.5 feet. As no allowance has been made 
for inflow into the lake daring this period, this may be too high. On 
tiie other hand, the dry season may be longer than assumed, and the 
estimate too low. Colonel Childs arrived at the same reduction of level 
during the dry season by a different line of reasoning, and the result is 
probably near the truth. More exact data are nc^ed, and can be 
obtained readily, at little cost, in connection with other investigations 
nH:ommeiided in this report. 

The low- water slope from the lake to Ochoa, after the completion of 
the Ochoa Dam, is assumed by the company at three-fourths of an inch 
p^ nule, or, in round numbers, 4 feet for the entire distance. With the 
water surface raised to so great a height the cross section of the river 
channel will be greatly increased, and the velocity required to pass 
the ordinary low-water flow of, say, 10,000 cubic feet per second, will 
become so small that hydraulic formulsB can not be depended upon for 
precise calculations of slope; the slope will be so flat, however, that a 
large proportionate error is of no importance. Oalculations indicate 
that at ejctreme low water the total fall from the lake to Ochoa will not 
be more than two- tenths of a foot, and probably* considerably less; the 
river becomes really an arm of the lake and with the same elevation. 
Since the lake is to be maintained at a minimum elevation of 110 feet, 
and since, in order to secure this, the outflow must be checked on the 
approach of the dry season, when the lake is 1.5 feet higher (approxi- 
mately), the weirs on the San Carlos Ridge must be so arranged that 
their crests can be raised to 111.5 feet or more. 

The elevation of water surface against the dam at low stages of the 
lake being 110 instead of 106 feet, the difference will cause a notable 
increase in the volume of the em^^ankments and ia the lift of the chain 
of locks between the Caribbean and the summit level. 

The coTitrol of the discharge of the surplus water is a matter of no 
less importance than the maintenance of the summit level, but the data 
necessary for its intelligent consideration are almost wholly wanting. 
The amount of water to be dealt with, either during the year or dur- 
ing high floods, is unknown. The annual rainfall is not known at any 
point between Ochoa and the west shore of the lake. The subject is so 
vital, however, that an attempt must be made to cast a little light upon 
it with such data as can be had, and an estimate will be made first of 
the annual discharge. 

The area of the drainage basin of Lake Nicaragua is taken at 8,700 
square miles; of the lake itself, 2,700 square miles; of the drainage 
basin of the San Juan above Ochoa, 2,250 square miles. The annual 
rainfall in the lake basin is taken at 80 inches; run off, 40 per cent; 
evaporation from the surface of the lake, 40 inches per year. In the 
river basin the annual rainfall is taken at 150 inches; run off, 60 per 
centb These figures, which may all be considerably in error, give the 
following results and averages in cubic feet: 



■ 
Basin. 


Beceived by lake and 
river. 


Loss by evaporation. 




Per year. 


Per 

second. 


Per year. 


Per 

seoond. 


Per year. 


Per 
second. 


InkeHkanciift 

&m Jnm lUrer, between 
«te Lake and Oehoa.... 


947, 8d5, 000,000 
A70. 448, 000, 000 


80,057 
14,018 


250,905,600,000 
Keglecied. 


7,057 


096,000,000,000 
470,448,000,000 


22,100 
14,918 


IHaduffge ai Oohoft. 










1,167,408,000,000 


87.018 
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The riyer has never been ganged at a flood stage. A ganging wai 
made by the company May 21-25, 1888, in the vicinity of Ochoa, but i 
is not known precisely where, and the water surface was not referrec 
to the company's bench marks. The highest recorded stage at Ochoj 
occurred January 7, 1888, and its height was noted. If the difference 
of stage at Ochoa at this date and at the date of the ganging were 
known, a rough approximation conld be made to the flood discharge b] 
a comparison of cross sections. From December, 1887, to Jann ary, 1890 
the company kept a river gauge record at San Francisco Island, U 
miles below Ochoa, and if this were available an indirect and approx 
imate comparison conld be made between the two stages and the floo<i 
discharge deduced. Unfortunately the record for the first seven months, 
including the highest stage and lowest stage observed, is missing. B} 
other data, however, the Board has been able to establish a compar< 
ison, which leads to the conclnsion that the flood discharge January 7j 
1888, was about 125,000 cubic feet per second. The company's gauging, 
which, it is stated in the Ohicago paper, establishes 42,000 cubic feei 
per second as <<high flood," represents in fact only a moderate flood; 
probably not much greater than the mean discharge. 

During the inspection of the river by the Board, in May and June, 
1895, it was learned that at Machuca Bapids the flood of November, 
1893, rose considerably above that of 1888. While it may be that 
the San Carlos was not correspondingly high, it does indicate that the 
highest flood may be considerably greater than that of 1888, and the 
Board is of the opinion that until more reliable data are obtained 
the maximum discharge at Ochoa should not be estimated at less than 
150,000 cubic feet per second. 

Such a flood could only result from heavy rains over the entire river 
basin, in conjunction with a high lake. The extreme floods are of short 
duration, but a moderately high stage may be maintained for a consid- 
erable time. Sluices, or weirs with a<^ustable crests, must be provided 
in the San Carlos embankment line for the quick discharge of these 
floods. More precise data as to the extent of the floods are necessary 
before the dimensions of the weirs or sluices can be fixed, but for the 
purpose of entering the item in the estimates the Board has assumed 
weirs with a crest length of 4,000 feet. A weir of this length with a 
head of water of 4.5 feet will discharge 130,000 cubic feet per second, 
and this provision may possibly suffice. 

Whatever the crest length of weirs may be, provision can be made for 
drawing off such amount of water as may be necessary by placing 
movable dams on them. The water on the upstream side can be kept 
at any desired height. Thus the discharge of the surplus water at the 
weir can be regulated, but the regulation of the lake itself offers diffi- 
culties, and the matter is so important and has been so completely over* 
looked that considerable attention must be given to it here. 

During the visit of the Board to Nicaragua high- water marks were 
shown on both sides of the lake which fix its high stage at 111 feet 
above mean tide. The variation in the surface 6f the lake from ordi- 
nary low water, which may be taken at 102^ to high water at 111 is 9 
feet. Ko such variation can be permitted with the lake maintained at 
the summit level elevation of 110 feet as a minimum, because much vala- 
able property on the west side of the lake would be drowned out, and 
for this reason it is probable that a higher stage t^an 113 feet will be 
inadmissible. This permits an extreme range of only 3 feet, and it may 
be doubted whether the regulation of the lake level within so narrow a 
limit is possible. 

During the rainy season the water is received into the lake more rap- 
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iSfy than it runs 0% the sarpliis bejng stored in the lake, canaing it to 
rise. The only way by which an equal rise can be prevented after the 
eonstractioii of the Ochoa Dam is by increasing the discharge through 
the San Juan daring the rainy season. An increase in discharge can 
only be produced by an increase in cross section or an increase in 
Telocity in the oatlet channel. The water of the lake must be carried 
off more rapidly during the wet season after the construction of the 
dam than under present conditions. The increase in discharge mast be 
very lu'ge, and it must be determined whether under the new con- 
ditions the capacity of the outlet channel will be sufficient to meet the 
greater demand upon it. 

The data required for a solution of this problem are the amount of 
water received by the lake and the capacity of the outlet. 

The amount of water received by the lake in a given period could be 
determined ftom the following data: 

(1) The discharge ditring the period. 

(2) The area of the lake. 

(3) The difference in elevation at the beginning and end of the period. 

(4) Loss by evaporation during the period. 

An of these can be ascertained exactly by observation. During the 
rainy season the evaporation is probably unimportant and can be neg- 
lected. 

The flow into the lake could be determined also by means of the rain- 
fall, and the following data would be required: 

(1) Area of lake. 

(2) Area of watershed. 

(3) Average rainfall in basin. 

h) The run off, or proportion of the rainfall which passes into the lake. 

These data are less capable of exact ascertainment than the former, 
and, therefore, an estimate based on them is not so reliable; on the 
other hand, they may, in circumstances like the present, afford a rough 
approximation to a result which, for lack of data, can not be reached 
in any better way* 

In the absence of better data this method will be used here in order 
to arrive at a general idea of the problem. 

The following assumed data are believed to be conservative. The 
area of Lake Managua and its watershed are not included, for the reason 
that periods of several years have been known during wnich there was 
no visible outflow from that lake. It is possible that during very rainy 
seasons the amount contributed by Lake Managua may be considerable, 
and it may be that subterranean channels exist through which the lake 
discharges constantly: 

Area of Lake Nicaragua, 2,700 square miles, approximately. 

Area of watershed, 8,700 square miles, including lake. This may be 
considerably in error, but is taken from the best maps available. 

Bainfall, 80 inches per year. It wiU be assumed that 25 per cent 
may fall in one month, 46 per cent in two months, 60 per cent in three 
months, and 70 per oent in four months. 

Bunoff, 50 per cent of rainfall* 

With these data the amount received by the lake in different periods 
is calculated, and also the net rise in the lake, with various rates of 

dischargew 

Amount of water roeeivod into lake. 

OnlitoltMt 

In OM mosib, with 26 per oanfc of the annual rainfall 264,844,800^000 

In ivo months, with 45 per cent of the annual rainfall 476, 1^ 640, 000 

la three montlie, with 60 per cent of the annual rainfaU 686, 627, 620, 000 

In four vumtha, with 70 per cent of the annual rainfall 741, 660, 440, 000 
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The rise in the lake is retarded more or less by the discliarge through 
the San Juan. 
The following table gives the net rise, with several rates of discharge: 





Biae of lake with dlaohwge of~ 




25,000 
cabio feet 
poTMCond. 


60,000 
onbio feet 


76,000 
cnbio feet 
per second. 


In 0116 montli ....•• ••••..•.•.••.••••••••••••••••••••..•• 


Feet, 

+2.7 
+4.6 
+5.9 
+6.4 


Feet. 

+1.8 
+2.9 
+3.8 
+8.0 


Feet. 

+1.0 
+1.2 
+0.7 
—0 5 


Tn iiro TnAnthn i...*..« 


In three months 


In fonr months .. ................................ 







. It appears from the table that if the assumed data are correcti the 
lake can be controlled within the required limit of 3 feet with a dis- 
charge of a little over 60,000 cubic feet per second. The actual 
discharge from the lake at the highest stage, under present conditions, 
has not been supposed to be anything like this. 

If a greater discharge than the present maximum is to be obtained, 
it must be produced, as before stated, by an increase in cross section 
or an increase in velocity in the outlet channel. Within the limits of 
the present case the velocity can not be materially increased without an 
increase in slope. This can not be obtained without a large and costly 
deepening of the river bed in the vicinity of Toro Bapids, so that the 
question of increased discharge practically narrows down to that of 
increased cross section. 

The height of the lake, when this average discharge of 60,000 cubic 
feet per second is to be maintained, will vary from 110 feet, the mini- 
mum, to 113 feet, the assumed maximum; the average will not be far 
from 112, or only 1 foot above the highest stage now known^ so that no 
great increase of cross section will be produced by the additional 
height under the new conditions. Another increase, somewhat greater 
in amount, will result from the excavation to be made from the lake to 
Toro Rapids for a 30-foot navigation. 

It may be that the discharge of the lake at high water is much 
greater than has been supposed, and it may possibly approach nearly 
the amount of 60,000 cubic feet per second calculated as necessary 
under the new conditions. 

The governing stretch of river, as regards the outflow of the lake, is 
between the lake and the foot of Toro Eapids, but affected in some 
degree by the natural weirs at Castillo. Below the latter point the 
section of the river will be so much greater after the construction of 
the Ochoa Dam that its capacity will be ample, with very small slopes, 
for the largest discharge. 

If the variation of the level of the lake can not be limited to 3 feet, 
and if it is inadmissible to raise it above 113 feet, then it is impossible 
to maintain it at a minimum of 110 feet Every foot of reduction in 
the minimum will cause a large increase in excavation throughout the 
entire summit level, including the costly work in the San Juan Biver 
and the east and west divides. The calculations just made suggest 
much uncertainty about this, but they are based wholly on assumptions 
as to the discharge of lake and rainfall, which may be far from the truth; 
the ascertainment of the facts by continuous observations for not less 
than one year and including at least one high stage of the river, is abso- 
lutely indispensable. A single year's record might prove misleading if 
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the high stage were of niiasually short daration, since it is the total 
quantity of discharge that is required. It is to be regretted that the 
canal company has no recorded observations of the lake level or other 
data relating to its regulation for the eight years since it began work 
in the country. The matter is of such vital importance that observa- 
tions ought to have been made continuously during the entire period. 

The discharge of the San Juan must be regulated by weirs or sluices 
in the San Carlos embankment; that from each minor basin (the Florida 
Lagoon, San Francisco Basin, etc.), by its own sluice or weir, the water 
level in the minor basins being made to conform to that in the San 
Joan immediately above the Ochoa Dam, so as to avoid currents 
through the narrow connecting channels. 

The data do not exist for determining the discharge for which the 
weirs in the San Carlos Kidge should be proportioned, or for calculat- 
ing the fall from the lake to the weirs during the high-water season, 
which must be taken into account in fixing the elevation of their crests. 
It is probable that in order to secure the requisite velocity through the 
goyeming section the water surface at the San Carlos weirs mnst be 
drawn down during the wet season much below the level required dur- 
ing the dry season. It is essential to determine exactly how much this 
enforced reduction of level must be before the grade of canal bottom 
ean be fixed between the San Juan Biver and the summit lock at the 
east divide or in the excavated channel in the San Juan itself. 

The whole problem of the regulation of the summit level, the estab- 
lishment of grades in the various excavations and structures within its 
limits, and even the practicability of the company's project without 
mach modification requires the collection of a large amount of informa- 
tion before it can be solved. The scope of the investigations necessary 
is treated more fully elsewhere. 

EASTERN DIVISION. 
GBBYTOWW HABBOB. 

The San Juan Biver, draining a total area of some 15,000 square 
miles, most of which in times past has been subject to intense volcanic 
action, and is still affected by the heavy rainfall of that region, has 
hrought down in course of time an enormous volume of sand, in part 
directly emitted by volcanoes, and in part derived from the disintegra- 
tion of igneous rocks and washings from the clay, and has built up in 
the Caribbean Sea a flat and swampy delta of great extent, heavily 
forested and containing many lagoons and tortuous channels of varying 
dimensions. 

The main river forks about 18 miles from the coast, and discharges 
through several channels, of which the Colorado is the principal, and 
the second in size the Lower San Juan, which reaches the sea at Grey- 
town in the angle where the fan-like projection of the delta meets the 
eoast line stretching to the northwest. 

The earlier maps show the bight at Oreytown as a capacious harbor, 
protected from northeast winds by the delta projection, and with ample 
depth and area. 

it is now a lagoon shut off from the sea, and has ceased to exist as a 
harbor for seagoing vessels. The gradual closing of the harbor, 
between 1832 and 1^2, by the movement of the outer beach stretching 
westward across the entrance in the form of a narrow sand spit to con- 
nect with the west shore Une was a serious drawback, both to the 
H. Doc. 279 3 
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maintenance of a freight and passenger route across the Istlimus via 
the San Juan Eiver and Lake Nicaragua and to the project for the 
construction of a ship canal over the same line. 

Various causes were assigned for the destruction of the harbor, and 
various means suggested for its restoration. It was usually considered 
that the river had most to do with the matter, but opinions differed as 
to whether the detritus brought down in flood or the diminishing 
power of the stream, which had become evident in the reduction of its 
navigable capacity, to carry off the accumulations driven shoreward by 
the sea was responsible. 

The remedy, from one point of view, was to cut off the river alto- 
gether; from the other, to strengthen it by closing the other outlets, 
which discharge 90 per cent of the volume of the main stream. 

It is probable that the causes are far more general, and that if the 
delta, which is almost unexplored, were fully mapped, its numerous 
interior lagoons and water courses traced, and its history thus ascer- 
tained, the original formation and final destruction of Greytown Harbor 
would appear simply as a recent example and repetition of the history 
of many others. 

The delta sands forced seaward in great volume by a powerful cur- 
rent in opposition to the trade winds and seas would be distributed 
lengthwise of the coast, and from time to time an area of sea floor 
would be at first cut off, and by continuance of the littoral movement 
be ultimately inclosed, and a lagoon formed beyond which the coast 
line would continue to advance so long as the supply of sand was in 
sufficient quantity. The parallel lines of long and deep lagoons lying 
inside the Colorado mouth are typical of this action. 

In the case of Greytown, the sands that destroyed it came not from 
the Lower San Juan^ which for a long time probably had ceased to 
carry down any considerable amount, but by the actaon of the east- 
northeast seas striking the coast at an angle and driving the light vol- 
canic detritus westward along the beach. 

Oomparison of authentic charts of various dates will make this clear, 
and it is due to Professer Mitchell, of the Coast Survey, to say that in 
his paper contained in the Coast Survey Report for 1874 the true his- 
tory of the case is for the first time suggested, although the important 
fact of the wasting of the outer beach to the eastward of the harbor 
escaped observation. 

So far as the future is concerned, there is reason to believe that the 
movement of sand by river action has greatly diminished and will so 
continue. 

Volcanic activity in the interior of IN^icaragua and Costa Rica seems 
to have exhausted itself; there are no longer eruptions of volcanic 
sand; and while the Colorado River is still a turbid stream in flood and 
the San Carlos branch of the San Juan a torrential stream, it is proba- 
ble that the detritus to be yet delivered is small as compared with 
what has in ages past been brought down. 

The oldest chart of any value for purposes of comparison is that of 
1832 by Captain Peacock, the master of a British vessel. The harbor 
is shown as furnishing safe and ample anchorage for vessels of any 
draft, with an entrance nearly 2 miles in width unobstructed by any 
bar, and gradually deepening off into the Caribbean Sea. It was, in 
fact, at that time a portion of the ocean floor inclosed on three sides 
and with a large area of 30 feet depth open only between north and 
north-northwest. 

The history of its destruction is graphically indicated by the addi- 
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tiouB to the 1832 chart of the successive positions occupied by the 
sand spit, between 1832 and 1859, in its westward advance across the 
eutrance which resulted in total closure soon after 1861, at which date 
the channel under the beach had been reduced to a width of 300 feet. 

The harbor then became a lagoon, generally with a shallow and 
variable opening through the sand spit, maintained by the outflow of 
the river, but at times completely closed and in need of artificial cut- 
ting to rid itself of the rising accumulation of river water. 

The next chart is that by Captain West, of the Coast Sarvey,in 1865. 

Endeavor has been made to effect a common orientation of the two, 
but uncertainties of scale and compass bearing, and the absence of 
definite common points make this difficult, and it may well be that the 
extraordinary changes indicated by a comparison of these charts are 
mach greater than actually occurred : but the general nature and prog- 
ress of these changes is fully connrmed by subsequent maps, and 
since absolute quantities need not be computed the comparison is of 
valne. 

The first thing noted on the 1865 chart is the shrunken condition of 
what was once the harbor. A single 30-foot sounding represents the 
broad expanse of that depth on the Peacock chart, and this reduction 
lias been effected apparently from every direction by the recession of 
the sand spit by an extraordinary advance of the south and west shore 
line, and by the growth of the river delta. 

Synchronously with these changes there has been an extensive cut- 
ting away of the shore line adjacent to the Harbor I lead Lagoon north- 
eastward from Greytown, and this is balanced by a roughly equal 
accumulation along and consequent advance of the west shore line, 
amounting to some 1,000 or 1,500 feet. The absence of off-shore con- 
tours on the 1865 chart prevents what would have been a valuable com- 
parison of their positions at the two dates, supplementing those of the 
shore hues. 

The succeeding chart is that of 1872, by Lieutenant Miller, tf. S. !N^., 
made in connection with the Lull expedition. 

The area of the Greytown Lagoon is still further diminished, and the 
maximum depth is reduced from 30 to 19 feet. 

Comparison of the coast line shows an advance of the west line of 
500 feet since 1865, and, so far as the northeastward shore line is platted, 
the wasting action in the vicinity of Harbor Head has continued. 

The succeeding chart is that of 1884, by Passmore and Glimie. 

Comparing with 1872 it does not appear that the northeast coast line 
has materially altered; but there h£(s been a significant deepening of 
the sea floor off Harbor Head that has moved the 6 and 8 fathom con- 
tours shoreward. In other words, the shore erosion has been made up 
from the ocean bed, indicating wave action at those depths. The cor- 
responding advance of the westward coast line has continued to the 
extent, approximately, of 500 feet. 

The shifting and unstable nature of the outer beach from Harbor 
Head westward is well indicated by all these charts, which show it con- 
tinuous or broken at several points at the different dates. 

In the Greytown Lagoon there has been no particular change, and 
there is reason to believe that the discharge through the Lower San 
Juan into the lagoon has had much less to do with the diminution in 
harbor area and depth than the incessant changes that have taken 
place in the outer beach under the influence of occasional strong north- 
ers and the milder but x>ersistent east-northeast trade, both tending to 
drive the beach sand into the quieter water of the lagoon. 
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The next chart is that of J 888, by Ensign Maxwell, U. S. K 

In 1884 the Harbor Head Lagoon was closed from the sea and the 
Oreytown Lagoon open, through numerous breaks in the beach. lu 
1888 the conditions are reversed. Harbor Head is freely exposed and 
Greytown completely barred. 

The wasting action near Harbor Head has continued, unaccompanied, 
however, by a corresponding advance of the westward shore line, but 
this is in part accounted for by the great ac<)umulation of sand in front 
of Greytown Lagoon and a notable diminution of depth in the yiduity 
of the beach, both inside and outside. 

Comparing the sea contours, it is observed that off Harbor Head they 
are substantially unchanged, but in front of Greytown the 4-fathom 
curve of 1888 touches the 6 of 1884, and the of 1888 has filled in the 
sea angle of the beach and moved onshore by a maximum of 3,000 feet. 

The final chart is that of 1895, of which the shore line was surveyed 
by the Board and the offshore soundings made by Lieutenant Lyman 
and other officers of the U. S. S. Montgomery. 

In front of Greytown Lagoon the chart shows the effect of the canal 
company's construction intended to secure an entrance, both in the 
prompt advance of the shore line to the outer end of the pier on the 
east side and the reaction to leeward of this work represented by the 
overhanging spit and the local recession of the shore line. Of this 
construction further particulars will be given later. 

Koth withstanding the temporary interruption to the westward move- 
ment of the beach sands due to the pier, the west coast line has built 
itself out some 250 feet since 1888, and the 4-fathom curve has moved 
seaward about twice as much. The 6-fathom curve has come in about 
the same, and the 8-fathom cui've is unchained. 

The comi)arative stability of this 8-fathom curve throughout the 
continual changes that have taken place is a matter to be noted. 

Northeast from Harbor Head tha offshore contours all evince a dis- 
I)osition to approach the beach, the wasting in the interval, 1888 to 
1895, having affected the deeper areas instes^ of the shore Une. 

To sum up the changes that have taken place as indicated by the 
charts, those of 1872 and 1895 may be compared. 

To the north and northeast of Harbor Head the shore line has wasted 
1,000 feet and been followed up by the sea contours to an equal extent. 

Northwest of Greytown the beach has been solidly built out parallel 
with itself and normal to the direction of the prevailing winds and sea 
for 800 feet, the positions of the old wrecks indicating what were 
probably the 2-fathom contours at their several dates. The 2 and 4 
fathom contours have moved seaward in proportion with the shore line. 
The 6 and 8 fathom contours have not materially changed in position. 

In front of Greytown Lagoon the beach has built out northward 
1,000 feet to the end of the canal company's pier, and is now filling in 
the angle to the westward. About 8,000 or 9,000 feet east of the pier 
appears a neutral point about which the waste and fill have approxi- 
mately balanced, where the shore line and sea contours are practically 
unchanged, and where deep water is soonest reached from the shore 
line. 

It is evident that there has been an enormous movement of sand 
from east to west, and that the resultant action has been large ero- 
sion near Harbor Head and corresponding accretion westward of the 
Greytown entrance. 

None of the charts that have been made has extended far enough to 
the east and south toward the Golonulb entrance to enable any judgment 
to be formed as to how far the wastincr action at Harbrfr Head has con- 
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tinaed in that direction, wLere the westward movement of tlie beach 
sand begins, and if the actual waste at Harbor Head is the resultant 
of an excess of erosion over supply from the southeast. The extraordi- 
nary arrangement of lagoons near the Colorado mouth is conclusive, 
however, that the initial movement is beyond the Colorado, as these 
parallel lagoons were evidently successive x>ortions of the river which 
had been overlapped by littoral sand movements from beyond. 

For a satisfactory discnssion of the whole subject, the observation of 
movements of beach and contour lines should cover the whole distance 
to and beyond the month of the Colorado, and to the north and west, 
to include at least the valley of the Indio, 9 or 10 miles above Orey- 
town, as the indications are that this river, which drains a large area 
of heavy rainfall, is working its way southward toward Greytown. 

On approaching the beach, the Indio tarns sharply to the right and 
flows parallel with the shore for nearl}'^ 5 miles before reaching the sea, 
from which it is separated by a narrow sand spit. The position of the 
month is not permanent, nor is it at this time as far south as it has been. . 
From time to time, under pressure of floods, the current cuts a new 
outlet higher up, which again gradually works southward. 

The importance of this action is due to the fact that it shows the 
southeasterly littoral sand drift toward Greytown, supplementing the 
westerly movement tcom Harbor Head to fill up the reentrant angle in 
which the present entrance is situated. 

It is to be presumed that, the working forces remaining the same, 
though x)os8ibly in less amount, the resultant action will continue, the 
sands of the east beach will move westward and of the west beach 
southward, and accretion follow erosion, wearing away the prominence 
and building out the bight, until the convexity of the coast line has 
been approximately straightened by the filling up of the angle in the 
immediate vicinity of the present entrance to the Greytown Lagoon. 

The scale upon which these movements take place is such that time 
is needed to effect them, but it seems safe to conclude that the endeavor 
to construct a harbor entrance for the canal immediately adjacent to ^ 
the head of the bight, where the maximum filling action from both "^ 
directions must take place, will involve engaging at once in a perpetual 
eontest with forces of great power and i>ersistence at the point of 
application of their resultant effort. 

On the prolongation of the company's pier the 6-fathom contour is 
over 1,500 feet distant from shore, the 7-fathom 4,000 feet^ and the 
8-£athom about 8,000 feet. It is certainly to be anticipated, m case of 
an attempt to build out on this line, that the beach will promptly fol- 
few over the comparatively flat bottom, and the ultimate expenditure 
required for pier extension and dredging reach large amounts. 

On the other hand, the Harbor Head Lagoon has some evident 
advantages over Greytown Lagoon as a canal and harbor entrance in 
its greater remoteness from the western shore angle and greater prox- 
imi^ to the deep sea contours, but it may be appreher.ded that the 
waste and mutability of the outer beach and the greater exposure to 
wind and sea may involve hazards which it would be better to avoid. 

The Board is, therefore, of opinion that the Greytown entrance is 
inadmissible and the Harbor Head entrance inexpedient, and that the 
best results will be attained by locating the entrance approximately 
halfway between the two, in the vicinity of the neutral point previously 
referred to. 

At this point the 8-fathom contour is only 2,000 feet from the shore 
line, and the maximum results in sheltering the entrance can be had 
with thB ipinimnfn length of protecting works, while the alignment of 
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these works can be so adjasted as to reach deep water about normal to 
the shore line, bearing a little west of north, and famishing protection 
from the prevalent winds and seas coming £rom about east-northeast. 

OONSTEUOTIONS PROPOSED BY THE BOARD. 

The preliminary views of the Board are indicated on the chart of 1895. 

The east pier, the main work, carves off shore, with a total length of 
3,000 feet from the inner end to the 7-fathom contour to hold and pro- 
tect the entrance. The comparatively still water in the lee of the main 
work would enable the waves to swing rapidly around, with a reacting 
effect on the shore to the westward, which would tend to drive sand 
into the harbor entrance. The west pier and inner walls, with a total 
length of about 2,000 feet, are designed to prevent this and furnish 
partial shelter for tugs and other vessels wishing to lie near the entrance. 

Measuring across from the outer end of the west pier, the width of 
. the entrance is 600 feet, and a vessel entering will be under the lee 
of the main work and partially sheltered from the sea before reaching 
the narrower passage. 

In order to open an entrance as speedily as possible and provide 
harborage for vessels bringing construction plant and material for 
beginning work on the line of the canal, a temporary pile pier should 
be built on the line of the east pier, in which it would ultimately be 
buried. The pile pier would have a length of about 1,500 feet — enough 
to furnish cover for a dredge to begin operations, secure the necessary 
depth of entrance, and cut back into the Greytown Lagoon. 

The most convenient point at which to procure the rock filling for the 
pile pier is a quarry about 3,000 feet from Lock No. 1. The opening of 
this quarry would be in a sense dead work, but the harbor is a necessity, 
and could not await the opening of the divide cut, whence the remainder 
of the stone needed for liarbor construction would be taken. 

It is to be expected that the outer angle between the east pier and 
the shore line will eventually fill with sand from the westward move- 
ment of the beach, but a considerable time will be required to reach 
the outer end near the 8-fathom carve, and a very prolonged period 
before the filling in of the ocean floor could injuriously affect the entrance 
depth. 

The gradual accumulation against the pier would tend to diminish 
the waste of the beach to the eastward, and should this prove later to 
be in such quantity as to be disadvantageous, the surplus material from 
the divide could be used to check it by building short groins or jetties. 

Prom the entrance a straight connecting channel 6,000 feet long, with 
a bottom width of 200 feet and a low-water depth of 30 feet, is to be 
dredged directly toward the deepest part of the Greytown Lagoon, 
which will form the harbor to be dredged to 30 feet at low water, with 
an area of 237 acres. Thence the canal proper will start westward 
toward the divide. 

The adoption of this plan will involve an abandonment of the exist- 
ing two-thirds of a mile of canal that has already been partially exca- 
vated, but the cost of this is not material, in view of other and more 
serious considerations. 

CONSTRUCTIONS BY THE COMPANY. 

The pier constructed by the canal company for the purpose of secur- 
ing an entrance, as built December, 1889-May, 1S03, is shown on the 
chart of 1895. 

The length of this pier as proposed is variously stat^. Tn Mr. 
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MenocaFs Gbicago Congress paper it is given as 3,000 feet, in the final 
report of 1890 as IJOO feet, and in the scheduled estimate as 900 feet. 
Nine hundred and thirty-seven feet was the actual length when con* 
straction was suspended in 1893, As built, it is 42 feet wide, consists 
of six longitudinal rows of piles, capped and tied, and carries a rail- 
way track. The filling is partly of rock from a quarry near Silico Lake, 
and partly of concrete. 

The effect of this pier in suspending westward drift of beach sand 
and creating still water behind it enabled the surf to cut away the 
beach and make an opening w&ich the outflowing current from the 
lagoon presently deepened to about 6} feet. 

This depth permitted dredges drawing 7 feet light to be dragged in 
over the bar with the aid of the sea, and by means of the dredges the 
entrance was then deepened to 12 or 14 feet^ which, however, could not 
maintain itself without artificial aid. 

The harbor was not at any time available for other than compara- 
tively lig^ht-draft vessels, and but three or four used it. 

One schooner with a load of timber for the company was wrecked in 
trying to enter, and vessels bringing cargoes of material were partially 
or altogether discharged by lighters. 

The beach rapidly followed out the pier extension, and as soon as the 
end of tlie pier had been reached the sand poured by and at once filled 
ap the deepened entrance. 

The pier timber and piling were creosoted with 16 pounds of wood 
oil to the cubic foot, but this proved unavailing as a protection from the 
teredo, and when examined in May, 1895, the piles near the outer end 
were found to have been badly eaten, and many on the channel side 
had disappeared. Much of the timber also was badly decayed. The 
teredo is very active in these waters, and excessive humidity and uni- 
form high temperature are extremely trying to wood unless housed or 
well painted, and its destruction when exposed is very rapid. 

The cost of the pier as constructed was $164,507, or at the rate of 
$175 per running foot, according to figures furnished by the company. 

A considerable amount of harbor dredging has been done by the 
company with its own plant, supplementing the endeavor to open the 
entrance, provide harborage and access to the company's buildings, 
shops, ete., constructed 2 and 3 miles northwest of Greytown, and to 
begin work on the canal. 

The material excavated was almost entirely volcanic sand, similar to 
that of the beach. This sand is dark in color, rather coarse, has a 
specific gravity considerably less than that of ordinary sea sand, and 
when submerged is readily acted upon by waves and currents. 

When piled in heaps it forms a porous mass through which the tor- 
rential rainfalls descend with surprisingly little effect upon its contour, 
even though the slopes be steep. This feature was noted both in the 
mounds of dredgings near the entrance and in the canal banks, where 
the sands dropped from the dredge chutes still stood seemingly undis- 
turbed since they were put there. 

The i)ortion of canal work done by the company consisted of a single 
cut with an elevator dredge for a distance of 4,350 feet, with a width 
of 167 feet and a depth of 16J feet, followed by an adjoining cut for 
about half the distance. The width of the two cuts was 279 feet. 

The excavation was mainly within a funnel shaped area, where the 
canal section proper widens into the harbor. The dredgings were left, 
as deposited from the spout, immediately upon the edge of the excava- 
tion, and would require rehandling to place them at a proper distance 
firom the banks. 
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The total amount of dredging in canal and harbor, as stated by the 
company, was 727,861 cubic yards, and the total cost 980,000 in round 
numbers, or at the rate of 11 cents per cubic yard, which represents the 
net cost of dredging in very favorable conditions, and with the com- 
pany's plant, without charges due to first cost and maintenance. 

The buildings erected by the company along the beach are on a lib- 
eral scale, of good design and construction, and consist of storehouses, 
barracks, and headquarters buildings, quarters for officers, hospitals, 
shops, etc. All are of wood imported, from the United States, and iu 
fair preservation, although in a state of comparative neglect, where if 
needed repairs, painting, etc., are not speedily attended to the build- 
ings will be seriously damaged. In several cases the roofs are of gal- 
vanized iron, which is also used for many of the buildings in Grey town. 
This material shows remarkable dui-ability under exposure to the local 
climatic conditions. 

A large amount of property of various kinds layout of doors and in 
an advanced condition of decay — numerous steel boats and launches, 
hulls and machinery rusted through; a pile of 8-inch spiral riveted 
pipe, intended to bring water from a reservoir to the barracks and quar- 
ters; spare shears for the dredges; two or three tugs and small steam- 
boats, past all service ; several scows and lighters rotten and sunk. The 
five dredges bought by the company from the Panama Canal dredging 
contractor lay in the harbor on the bottom uncared for, with rusted 
machinery and woodwork dropping. Three locomotives under cover 
are probably unserviceable. The machine shop, having been used to a 
certain extent by the river navigation company for occasional repairs to 
their vessels, was capable of service, but, with the exception of the large 
buildings, little else could be considered as representing any value. 

In case of resumption of work at the harbor, it might be practicable 
to construct one serviceable dredge by building a new hull and taking 
out of the present dredges such machinery as would answer the pur- 
pose and be found usable. Should this prove to be practicable, the 
construction could be begun from inside without waiting for the open- 
ing of an entrance through the beach. 

While giving a brief account of the plant and constructions at Grey- 
town Harbor, where all the work connected with the actual canal build- 
ing was done, it will be convenient to include the railroad which extends 
inland for a distance of 11^ miles along the line of the canal to between 
the sites of Locks 1 and 2. 

The Board made a trip over the road on a hand car propelled with 
poles, and the results were of interest and value. 

The single track is standard gauge, laid with 60-pound steel rails, 
from Pittsburg, and 2,464 ties to the mile, and was bmlt between May, 
1800, and February, 1892. 

The ground covered is flat and swampy for the greater part of the 
distance, and across the wetter portion the roadbed was formed by first 
cribbing roughly, then laying a temporary track and filling with sand, 
most of which was brought from the canal cut at Greytown. Most of 
this work was done by men working up to their waists in water. 

Notwithstanding the exposure to the immense rainfall, the roadbed 
when examined was found in fairly good condition, and the rails gave 
little evidence of corrosion, but the ties were gone. Those first laid 
near Greytown were of North Carolina pine, creosoted with 12 pounds 
of wood oil to the cubic foot, and were apparently about in the same 
condition as would be that of uncreosoted ties laid for three or four 
years in the States. Farther out, pine ties from Bluefields, not creo- 
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soted, were mach decayed. The remainder, of native timber, were 
entirely rotten. With a few exceptions all the ties mnst be replaced 
before the road can be used. 

Four and one-half miles out is a clay fill standing well with little 
indications of wash and leading to the bridge crossing the connection 
between the Benard Lagoon and the San Juanillo Eiver. 

The bridge is a pile stractore of ordinary type, about 125 feet long, 
4 pUes to the bent, braced and capi)ed. The noticeable peculiarity of 
the bridge was that it had been stayed both up and down stream with 
wire ropes secured to trees. Upon inquiry it was learned that the 
piles had been driven through 70 feet of soft mud. As the locality in 
qaestlon is within a few hundred yards of the lagoon through which 
Uie canal line passes, the subsurface conditions, if continued in the 
lagoon, are very unfavorable features for canal building. 

Beyond the bridge crossing is the first clay cut, and farther on both 
cats and fills are numerous. 

The cuts have heights up to 20 feet, with slopes from vertical to 45 
degrees, and in most cases stood with an extraordinary stability under 
the tropic downpour. At several the original tool marks were still 
visible, both pick and steam shovel. In several others there had been 
slides, but none of great extent. The ditches were generally clean, and 
in but few points had the wash reached the rail. The surface of the 
cuts was in some cases protected by vines, but in most was quite bare 
unless for a minute lichen. 

As these clay cuts had been exposed for over three years to the 
severest rainfall of record on this continent, and were found in better 
condition on the whole than an exposure in the United States for a 
single winter would have left them, it is evident that the absence of 
frost more than balances the tropic downpour, and for the materials in 
question constructions can quite as safely be designed as in the United 
States. 

A train of flat cars standing at siding was nearly covered with vines 
and creepers and the woodwork far advanced in decay. On the other 
hand, the natural growth in the roadbed was unexpectedly slight, 
although in two or three cases the canebrakes had invaded the track. 

On the whole, taking into account the condition of the sand dumps 
at Greytown and of the clay cuts and fills on the line of the railroad, 
it is evident that the heavy rainfall is not necessarily as formidable an 
obstacle to outdoor constructions as might be supposed, although the 
slight works in question must not be too confidently accepted as safe 
precedents for much heavier constructions, and, with work in clay, an 
accamolation of water must always be guarded against. 

GREYTOWN HARBOR TO OCHOA. 

A preliminary location of the line from Ochoa to Greytown adopted 
by the company was made by Mr. Menocal in 1885, and the final loca- 
tion is described in his report of January 31, 1890. The route follows 
a nearly direct course from Greytown Harbor to a point on the San 
Juan Kiver, 3 miles below the mouth of the San Carlos, crossing the 
east divide by way of the valleys of the Deseado on the eastern and 
the lampio on the western slope. 

The governing feature of the project is the extension of the summit 
level fr^m the lake to the east divide. This is to be accomplished by a 
long line of dams and embankments described elsewhere in this report. 

The project offers several important advantages. 
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First. A considerable saving of distance will be made, estimated by 
the company at 12 miles. 

Second. Navigation will be facilitated by the formation of basins in 
the valleys of the Ghanchos, Nicholson, and San Francisco rivers, and 
in the Florida Lagoon. 

Third. The drainage of these streams will be received in the basii s 
and currents avoided. 

Against these advantages are to be offset the risks inherent to the 
Ochoa Dam and the large and numerous embankments. 

GREYTOWN HA.RBOR TO LOCK NO. 1, 9.30 MILES. 

The first location was a straight line which cut across a beiid of the 
biv ' Juanillo, andrequiredanew channel for that river 7,000 feet long, A 
few hundred feet to the northward, opposite the middle of the section, 
lies the deprcHsed area known as the Benard Lagoon. In order to avoid 
the San Juanillo^ and to reduce the amount of excavation, the line, by 
a later location, is thrown northward into the lagoon, which is nearly 3 
miles across. A short curve is introduced and the two lines meet at 
Lock No. 1. 

The ground is a swamp nearly the whole distance; the general eleva- 
tion is not more than 5 feet above mean tide until the Benard Lagoon is 
crossed, then rises gradually to 16 feet at the foot of the hill in whicli 
Lock No. 1 is located. 

The swamps are drained by a network of streams, connecting with 
the Indio on the north and the San Juan on the south, and the amount 
of water bordering the line is too large to be received into the canal. 
It will therefore be necessary to raise the canal banks above the highest 
water level in the swamps; and the bed of the Benard Lagoon is sup- 
posed to be mud to a great depth, in which it will be difficult to build 
banks. If this prove to be the case, a return to the former location 
may be required, with an addition to the amount of excavation. 

The company proposes to make the bottom widtli in this section 120 
feet, the depth to be 28.2 feet below mean tide in Greytown Lagoon, the 
side slopes 3:1 in sand and 1^:1 in clay. This width is adopted with a 
view of constituting the section an extension of the harbor, in which 
vessels can lie or pass each other. The depth proposed, which is 1.8 
feet less at mean tide or nearly 2.8 feet less at low tide than the general 
depth in the canal, is understood to be temporary, tlie full depth of 30 
feet to be obtained, after the opening of the canal for navigation, by the 
use of the maintenance plant. 

The Board believes that the estimates should cover the cost of the 
work completed to full depth, and that the width proposed is insufficient 
for passing and more than enough for the movement of single vessels. 
The estimates have been modified, therefore, to provide for a general 
width of 100 feet, with three passing places, 180 feet wide, for a length 
of 600 feet, and an increase of depth to 30 feet below low water in the 
Caribbean. The several changes nearly balance and involve little addi- 
tional cost. 

In the diedging done by the company for a short distance from Grey- 
town Lagoon westward the material was a coarse sand, similar to that 
of the beach; this material continues westward about 3 miles, and is 
followed by clay and the mud of Benard Lagoon ; west of the lagoon 
the material is clay, overlaid in places by a few feet of mud. All this 
material can be excavated readily by dredging, excepting possibly the 
deep mud in the lagoon, which can be avoided by a change of line. 
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LOCK NO. 1 TO THE EAST DIVIDE, 6.65 MILES. 

The tide lock (^o. 1) is located in a hill which projects from the north 
into the valley of the Deseado. It is to have a lift of 31 feet from mean 
tide, raising the water snrface about 15 feet above the valley floor. 

A dam is required across the valley having a crest length of 1,450 
feet, and a height of 23 feet above the valley floor, or 32 feet above the 
bed of the Deseado; provision is made for the regulation of the upper 
level by a concrete masonry sluice with two openings, each 20 by 26 
feet, and two weirs Of 100 feet each, placed in depressions in the 
flanking hills. 

In addition to the above^ four small embankments, of an aggregate 
length of 660 feet, are required in saddles between the hills to complete 
the line by which the upper level is to be maintained. 

A canal is to be excavated the entire distance of 1.33 miles between 
Locks INos. 1 and 2, with one crossing of the Deseado, which will have 
to be diverted. The flood discharge of the stream is not known, but is 
probably 3,000 or 4,000 cubic feet or more per second. Its diversion 
and control will be a matter of considerable expense, for which no 
8X)ecial provision is made in the estimates. 

Lock No. 2 is located in a hill on the south side of the valley, and has 
a lift of 35 feet. A change to a hill on the opposite side has been sug- 
gested, and, if made, the diversion of the Deseado above referred to 
would not be necessary. The same provision is made of weirs and 
sluices as at Lock No. 1. In addition to these, a dam and two embank- 
ments will be required to close the valley, having a total ci*est length 
of 2,030 feet J the greatest height will be 48 feet above the valley floor, 
or 69 feet above the bed of the Deseado. 

From Lock No. 2 to Lock No. 3, a distance of 4.56 miles, the line 
for the first 2^ miles passes through a basin formed by the dam and 
embankments at Lock No. 2, followed by an excavated channel for the 
remaining distance, in which several diversions of the Deseado, not 
Bpecifically estimated for, will be required. 

Lock No. 3 is located in a hill on the south side of the valley and 
raises the water to the summit level, which the company has assumed 
will be 106 feet above mean tide, giving the lock 40 feet lift. For rea- 
sons given elsewhere, the Board believes the level will be about 110 
feet, in which case the lock will have a lift of 44 feet. 

There is but one opening to be closed here, the saddles in the adja- 
cent hills being above the summit level. The company proposes to 
eloee this with a concrete dam with sluice openings similar to those at 
Ijocks No. 1 and 2. The crest length of tbe dam will be 760 feet, and 
the heighl^bove the bed of tbe Deseado will be 63 feet. No borings 
have been t^iken at this site, and it is not known whether a suitable 
foundation for a concrete dam pan be found. 

A weir 200 feet long is to be placed in the hill on the north side of 
the valley, and channels excavated to and from it. 

A basin about 2,000 feet long is formed immediately above Lock No. 3, 
affording an adequate passing place; one fourth of a mile beyond the 
basin the line reaches the east end of the great cut through the east 
divide. 

The canal cross section proposed by the company between the locks 
is the same as between Lock No. 1 and Greytown Harbor, viz, 120 feet 
bottom width. In the opinion of the Board, navigation would be better 
served by reducing the width to 100 feet, and providing passing plaoea 
immediately above and below each lock. 
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It is said, in tbe final report on location, of January 31, 1800, that 
the locks are to be 650 feet long in the chamber by 70 feet wide. In 
later publications, it is stated by the company that the width is to be 
80 feet. The Board baa been informed recently, however, that this 
increase of width has not been determined on, and the company's esti- 
mates do not provide for it. 

The dimensions should be determined by the classes of vessels which 
are expected to use the canal. If it is to be adapted for the passage 
of the largest war ships, 70 feet will not be suflacient. The U. S. S. 
loway for example, has a beam of 72 feet 3 inches, and proposals are 
soon to be opened for others of the same beam, while it is understood 
that war ships of even greater beam, 75 feet, are in contemplation. 

For present purposes, 70 feet wide is sufficient, but the largest ves- 
sels are proving to be the most economical freight carriers, and the 
dimensions of the locks should be fixed with regard to the probable 
increase in dimensions of vessels in the near future. A future need 
for large locks could be met by the construction of new ones; but in 
any case the cost would not be increased on account of the additional 
width recommended more than $1,250,000 for the entire canal. 

In the opinion of the Board the width of 80 feet should be adopted^ 
and this width is provided for in the estimates of the Board. 

As before stated, the three locks from sea to summit level at 110 feet 
will have lifts of 31, 35, and 44 feet, respectively. There is nothing 
necessarily impracticable in so great a lift as 44 feet, although it is 
without precedent. With an increase in lift the weight of the gates at 
the foot of the lock chamber becomes greater, but with the machinery 
used for the operation of locks in modern practice, there need be no 
difficulty in handling them, ^o compelling reason can be given, how- 
ever, for such an extreme lift in this locality, while several reasons of 
much weight suggest a more moderate one. The Board proposes to 
substitute a system of four locks, the one nearest the sea to have a lift 
of 26 feet from the level of mean tide; the remaining three, lifts of 28 
feet each. This arrangement provides structures of less weight than 
those proposed by the company, which is important in view of the fact 
that they must rest on clay foundations. The weight of gates will be 
less, and the time required for lockage somewhat reduced. The result 
will be a simplification of the system, a more conservative course as 
regards the dimensions and weights of the structures, a slightly 
increased capacity for the passage of vessels, and a reduced consump- 
tion of water from the summit level on the one hand, as against a some- 
what greater first cost and cost of operation on the other. 

Tlie canal company has no detailed plans of the locks and other 
structures for which its estimates are made, and the Board has had to 
prepare preliminary drawings for the lock estimates, which take into 
account also a complete equipment of operating machinery, such as 
recent experience shows necessary j the estimate of weight of gates is 
based on the actual weight of the gates just built for the St. Marys 
Falls Canal. Data as to the cost of the operating maehinery are drawn 
from the same source. 

For valuable data with reference to the construction of the new Sault 
Ste. Marie Lock, and for much other useful information, the Board is 
indebted to the late General Poe. 

A system of culverts for filling and discharging the lock has been 
provided, and also a system of steel I beams built into the concrete 
floor, carrying out the idea of concrete and iron construction which has 
been successfully exemplified in recent arch bridges. These details, 
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boweyer, are used only as a means of arriving at a fairly satisfactory 
idea of cost. 

The estimated quantities exceed those shown in the company's esti- 
mates, bat are based on reliable data, and are believed to be substan- 
tially correct. It has been necessary also to increase the unit prices; 
for example, the price allowed by the company for concrete, $6 per cubic 
yard, is only about two-thirds the actual cost of concrete of similar 
composition used on a large scale in the locks of the Hennepin Ganal 
where the conditions for economical work were much more favorabie 
than in Nicaragua in every respect, except as to the cost of cement, 
the saving: in the latter item not being sufficient to offset the increased 
cost due to the more adverse conditions of locality and climate. The 
result has been a large increase in the estimates of the cost of locks. 

The borings indicate that the material to be excavated in this section 
will be clay. It is important, therefore, to consider its characteristics, 
both as regards its suitability for the foundations of structures and its 
probable l^havior in the sides of deep cuts. 

A reddish-brown clay, varying somewhat in tint, is found everywhere 
between Lake Nicaragua and the swamps near the coast ; the steep hills 
and the deep ravines passed over by the Board daring their inspection 
of the canal and embankment lines showed surprisingly little scour, 
althoogh in a region of rainfall several times greater than anywhere 
in the United States. 

Other observations confirmed these favorable indications. 

Before the suspension of work on the canal the company built 11 miles 
of railroad from Oreytown Lagoon westward, as part of the service line 
to Ochoa. The western portion passed through a slightly rolling dis- 
trict, where several cuts, some as deep as 20 feet with slopes of from 
|: 1 to 1 : 1 were made in the clay hills; the tool marks left by the work- 
men two or three years before still showed plainly in the sides of the 
cuts. Although it had been raining every day for some time, the mate- 
rial when examined was hard and firm, and the side ditches of the road- 
bed were remarkably clean. From these facts, the Board formed a 
favorable opinion of the material, which was strengthened by later 
observations in Oosta Rica. The railroad from Port Limon to San Jos4 
has a large number of cuts in clay, several of which are over 100 feet 
deep, with slopes of i: 1. Duriug the visit of the Board to San Jos6, 
a heavy rain occurred, causing a large number of land slides which 
stopped trains, and the Board returned to the seacoast partly by means 
of hand cars and partly on foot. An excellent opportunity was thus 
given to observe the effect of an unusually severe tropical rain on the 
steep clay slopes. Although the masses of clay which had fallen from 
the sides of the cuts were sufiicient to block railway traffic, in no case 
were they large enough to be a serious obstruction in a canal, and a 
cabe equal to the total amount could be removed by a dredge in a short 
time. 

The clay appeared to be quite similar to that in I^icaragua, and when 
it is remembered that the slope proposed by the company for clay above 
water is 1}: 1 instead of ^: 1, as in the cuts in Oosta Eica, it is believed 
no apprehension need be entertained of serious slides. 

At the sites of Locks Nos. 1 and 2 borings have been made with an 
earth auger^ and hard clay is reported. These reports, taken in con- 
nection with the observations of the clay in the railroad cuts, lead to 
the opinion that the material will form a fairly satisfactory foundation 
for Ihe locks, unless local variations from general characteristics should 
he disclosed by ftaller exploration. 
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EAST DIVIDE, 3.15 MILES. 

This section consists of the continaous deep cut through the suminit 
of the east divide. The general course of the valleys of the Deseado 
and Limpio is followed, but the streams are so crooked that the line of 
necessity cuts through a succession of steep hills which project into 
the valleys from either side. The true drainage summit is crossed near 
the middle of the section, 17.4 miles from Greytown Harbor, at an eleva- 
tion of 322 feet above mean tide, but the deepest cutting is about one- 
third of a mile to the eastward, in a hill whose summit is 404 feet above 
mean tide, giving a cut of 324 feet. The line is entirely in curvature, 
with radii of from 4,520 to 7,160 feet. 

The total cube of excavation in the east divide amounts to 11,700,000 
cubic yards, of which 3,400,000 is clay and 8,300,000, or about 70 per 
cent of the total, is rock. Tlie rock is of all degrees of hardness, from 
decomposed telpetate to trap. The overlying material is clay, varying 
in depth from nothing to 115 feet, with an average of 35 feet. 

The company's estimates of rock cuts are based on a cross section 
having vertical sides from canal bottom to 10 feet above water, at which 
elevation there is a beam 5 feet in width; above this the rock is given 
a slope of 1 horizontal to 5 vertical; in the overlying clay the slope 
is 1^:1, 

The company made a scries of borings along the center line of the 
canal at intervals of about 1,000 feet, with a diamond drill, obtaining 
cores of the rock passed through. These cores, arranged in order, would 
be a valuable record, but only a few samples from a small number of 
borings have been preserved. These samples, with the scanty notes 
turned in by the chief of the boring party, and such examination of 
the outcrops as the Board was able to make during the inspection of 
the route, constitute all the information now available. 

The material called "telpetate" is found in several places directly 
underlying the clay, and at one point the formation was 79 feet thick. 
It is a laminated, clayey ro^k, varying much in hardness, but usually 
soft, disintegrating more or less rapidly on exposure to the air. At one 
point on the bank of the Deseado it stands nearly vertical for 20 feet, 
and is overlaid by a hill of clay with a steep slope; in other places the 
indications were less favorable, the material being much disintegrated 
and forming natural slopes of ^:1 or flatter. The conclusion seems 
inevitable that flatter slopes than those assumed by the company will 
be required at the outset, involving an increase in the original excava- 
tion, or that a heavy maintenance expense will be incurred for some 
time after the completion of the work. 

The most serious fact shown by the borings is the existence, at great 
depths below the surface, of rock more or less decomposed, which may 
crush when the excavation is made and cause the sounder rock above 
to fall. The absence of good field notes and the loss of the cores are 
particularly unfortunate in these cases. New borings, not only on the 
center lines, but on the sides of the cut, in suflicient number to disclose 
and define the limits of dangerous materials, are indispensable, and 
should be made under the constant supervision of a capable engineer. 

The material reported as " talc,^ found in many places, is not properly 
BO called, but, as far as can be judged from the samples, is a compact, 
solid rock. 

In concluding the remarks on this subject, it must be added that, so 
far as the information goes, there are no indications of interposed clay 
layers or other sliding sui-faces in the rock formation. There appears 
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to be no regular stratification, and borings in the same vicinity differ 
greatly in character of material passed through. 

The Board regrets exceedingly that it is compelled to present so 
loadeqiiate a discussion of the east divide cut, the most costly section 
of the whole project, but the data at hand are so scanty and defective 
that no satisfactory treatment of the subject is possible. 

EAST DIVIDE TO SAN JUAN RIVER, 12.26 MILES. 

From the west end of the east divide cut the line proceeds by a 
tolerably direct course to a junction with the San Juan Eiver, 1,700 
feet above the mouth of the Machado, or 2,000 feet above the site of the 
Oehoa Dam, a total distance of 31.36 miles from Greytown Harbor. 

The valley floors of the Chanchos, Nicholson, and San Francisco rivers 
and the Florida Lagoon where crossed by the canal are about 50 feet 
above mean tide, while the surface of the water is to be maintained at 
an elevation of 106 feet, according to the company's project, which will 
become 110 feet, according to the views of the Board. The valleys have 
considerable widths, and the Chanchos and San Francisco rivers and 
Ilorida Lagoon are crossed obliquely. These valleys are closed by a 
series of embankments, and the result is the formation of 6 basins of an 
aggregate length of 7.6 miles. 

Much importance has been attached to these basins by the company 
as permitting a high rate of speed between the east divide and Ochoa. 
It is believed their value in this respect may easily be overrated; they 
are so short, the longest being only 2 miles and the shortest less than 
three-fourths of a mile, that no great increase of speed could be gained 
after entering one end of a basin before it would be necessary to reduce 
it to enter safely the narrow canal section at the other. Their principal 
utility, therefore, as far as the movement of vessels is concerned, is to 
afford passing places. 

In the ridge separating the Florida Lagoon from the Machado the 
company has estimated for guard gates, by which communication can 
be closed between the basins and the San Juan in case of a break in 
the long line of embankments which extend eastward from Ochoa, or 
if for any reason it should be desired to draw down the water in the 
basins. There are no drawings or plans for these gates. 

The canal cross section adopted for this portion of the route has a 
depth of 28 feet at the sides, deepening to 30 feet in the middle, the 
bottom width being 80 feet, and the side slopes 1^ : 1. There are berms 
of 10 feet on each side 10 feet below water surface, and again 5 feet 
above it. By the 2-foot deepening at the center, the bottom sloping 
uniformly to the sides where the original depth of 28 feet is unchanged, 
a nominal depth of 30 feet is obtained. 

The Board inclines to the opinion that this cross section should be 
deeptened to 30 feet for the full width, and widened from 80 to 100 feet, 
particularly in view of .the square section and bilge keels of war ships, 
bat has not made any addition to the estimate to provide for this 
increase. 

THE SAN FRANCISCO EMBANKMENTS. 

The great number of these embankments, large and small, the mag- 
nitude of some of them, and their important relation, individually and 
aa a whole, to the construction and maintenance of the canal system 
as proposed by the company call for special consideration. 

The total distance from the west side of the east divide to where the 
canal line reaches the San Juan at Ochoa is 12.26 miles. 
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In the company's reports this distance is designated the <'San Fran- 
cisco division," but in this report, for convenience, it is included in the 
general title of the eastern division. 

The topography of this region is quite complicated and difficult. It 
may be briefly described as a succession of minor valleys intervening 
between the San Juan and the main ridge, which lies a few miles to the 
northward, and with their longer axes roughly parallel with the gen- 
eral southeasterly direction of both. These valleys drain into each 
other in a somewhat confased fashion, and in some cases the movement 
of water may be in either direction through the connecting links, but, 
broadly considered, discharge through the low crest of hills separating 
them from the San Juan by four principal outlets, viz, the Ghanchos, 
Nicholson, San Francisco, and Danta rivers, the latter draining what 
is known as the Florida Lagoon. 

This crest line, intervening between the cana} line and the San Juan 
and somewhat vaguely defining the southern limits of the minor val- 
leys, was developed after great labor by the surveying parties of the 
company. 

It loops away from the canal line at the point where the latter in its 
westward course from the divide leaves the valley of the Limpio and 
falls into that of the Chanchos, and from the common point follows a 
succession of steep clay hills, heavily timbered, across deep swamps 
and fiat, muddy bottoms, intersecting the valleys of the main streams 
and many minor depressions with a cajiriciously sinuous course, which 
lies at varying distances of one-fourth to 2^ miles from the more direct 
line of the canal and joins it again in the vicinity of Ochoa. 

The length of the canal line between the points of junction is about 
10^ miles, while that of the crest line is 15^ miles, of which 40 per cent 
is embankment. 

The line of the so-called San Francisco embankments follows this crest 
line, and the purpose of the numerous dams and embankments is to 
dam the valleys of the rivers and close the other depressions, great and 
small, which are intercepted by it, and which it is necessary to build 
up to such height as to retain the surface level of the canal at the 
requisite elevation. 

The effect of this is to convert the several valleys into basins, con- 
nected by narrow passages excavated to canal cross sections, as a 
portion of the canal route. 

The total number of embankments required for this purpose, some of 
them of insignificant dimensions, others of great magnitude, is no less 
than 67, with a total crest length of about 6 miles, and with heights 
above the ground on which they rest varying from a few feet only to 
70 feet and upward. 

As stated in the final report of 1890, the canal surface elevation being 
fixed at 106 feet, the dams and embankments were to be raised to 
elevation 112 feet, giving feet of free board; but by a recent modifica- 
tion, the excess of height is to be 8 feet instead of 6, and the 1895 esti- 
mate provides for this. 

The largest of these individual embankments is the dam closing the 
San Francisco bottom and adjoining depressions, with a crest length 
of 1.2 miles, and an extreme height of 85 feet above the bed of the river. 
There are five others with dimensions approaching these, varying in 
length from 1,040 feet, with a greatest height of 60 feet, to 1,840 feet in 
length and height of 79 feet. These stated heights are measured from 
the surface of the ground, and do not include depth of foundations. 

With reference to this important point, the company's borings in the 
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beds of tbe Danta and !N'icholson sank througli 30 feet of soft mud before 
reaching clay, and there are two of these swamps of similar character 
thadhave not been investigated, and whose depth of mud is not known. 

Assomiug it to be the same, there are at least foor of these larger 
dams that will have a total height of considerably over 100 feet above 
Hieir foundations. 

Beferring to tbe practical difficulties involved in the existing climatic 
eonditions prevailing in Mcaragua, the report of 1890 has the following 
judicious remark (p. 10) : 

hi a oonntry sabjeot to obseryed rainfalls of mor« than 6 InohM in twenty-foor 
hoan, the problem of drainage inyolves dealing with forces of nature whose, enor- 
mous destructive powers are a constant menace to engineering works, however care- 
ful and skillful their design and execution. 

The difficolties of construction in these conditions would have been 
even more strikingly illustrated by citing the observed rainfalls of 9 
inches in nine hours and 3 inches in a single hour. 

In the Chicago paper of 1893, the chief engineer says that " the series 
of embankments in the San Francisco Eidge, it is frankly admitted, is 
the weakest feature in the whole route." 

The report of 1890 states that— 

It is proposed to build all the embankments across the valleys in the disconnected 
portions of the ridge of ** rock fills'' and earth backing, the crest to be 107 feet above 
•ea leyel, and with top and outer slope so shaped and paved with lar^e stones as to 
admit the free flow of water over the surface without danger of injury, all other 
embankments to be 112 feet above sea level. All these embankments will be in fact 
BO many waste weirs for the discharge of the surplus water at several points in the 
btsin, with an aggregate length oi 4,720 feet of spillway, and assuming that the 
embankments axe perfectly tight, which wiU not be the case until several years after 
construction, and therefore tnat all the surplus water passes over the weirs, the 
maTJmnm thickness of the crest will not exceed 15 inches. 

It is not clear for what amount of drainage or for what area these 
weir arrangements were intended to provide, as the streams in question 
have never been gauged in flood, nor their water sheds measured. 

The slopes of the rock-fill dams were to be 3: 1 on the water side and 
2^:1 on the dry side. 

It is evident that the maintenance of these rock-fill dams, sustaining a 
head of 60 or more feet and with a current pouring over the crests and 
down the rear slope, seemed doubtful, and the company later changed 
its plans by dispensing with rock fill and using clay exclusively. 
Furthermore, the height of all the dams was raised to elevation 114, 
8 feet above the canal surface. In such case the embankments are no 
longer to act as weirs, and the drainage is now provided for by three 
concrete masonry sluices, each having two openings 20 by 25 feet, 
placed at suitable points in hills adjacent to the main valleys of the 
8an Francisco, Ghanchos, and Danta, and built at so low a level as 
will provide for the diversion of these streams while the dams are 
under construction. In addition to the sluices are three weirs at dif- 
ferent x>oints; one of 250 feet, one of 200 feet, and one of 150 feet, with 
their crests at elevation 104, or 2 feet below the canal surface eleva- 
tion 106. 

The canal company has thus avoided two construction difficulties by 
dispensing with rock fill and the use of the dams as weirs, but has 
apparently repeated the error made in connection with the Ochoa 
Bam and the San Carlos weirs, of supposing that with an invariable 
width and depth of weir a uniform elevation of water surface can be 
maintained, witli a variable afflux. 
H. Doc 279 4 
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It is evident that with a fixed weir capacity, adapted to perhaps au 
assumed mean discharge, the water surface elevation mast run down 
when the discharge or afflux becomes a minimum, and, on the other 
hand, must rise as the afflux exceeds the supposed mean. 

It is also evident that, in order to meet these varying conditions of 
afflux and still maintain a uniform surface elevation, either the sluices 
must be maneuvered to regulate the discharge, or the weirs must be 
equipped with flash boards or movable dams that can be adjusted to 
meet the same purpose. 

As elsewhere stated, the Board deems a surface elevation of 110 feet 
needful, instead of 106, as the company proposes. This will call for 
the raising and enlarging of all the embankments, for which the nec- 
essary additions have been made in the Board's estimate. 

Using the same free board as that of the company, 8 feet, the eleva- 
tion of embankment crest will be 118, and the height of crest above 
the average valley floor, assumed at elevation 46, will be 72 feet. The 
lowest valley floor is that of the Danta at elevation 40, where the mud 
is 30 feet deep, making the height of the dam 108 feet. 

The construction of these vast accumulations of clay, under the heavy 
rainfall, and their eflfective consolidation into impermeable and stable 
structures will call for the exercise of the utmost care and skill. The 
use of animals or vehicles of any kind on the fill will in all likelihood 
be impracticable, and the deposit of the material and its consolidation 
in layers will probably involve the use of cables for delivering the clay 
in skips and hauling the rollers from side to side. As the San Francisco 
embankment alone has a total length of nearly IJ miles, the problem of 
its construction constitutes by itself a sufficiently formidable task. 

The clay to be obtained from the west side of the divide cut and from 
excavations in the San Francisco basin is not sufficient for the construc- 
tion of these embankments, which aggregate over 7,000,000 cubic yards, 
and a large quantity, computed at about 2,500,000 cubic yards, must 
either be borrowed from hills in the vicinity of the work or hauled from 
beyond the summit of the east divide. 

For the protection of these high banks after C/Onstruction the surplus 
rock from the divide cut may be used to cover the slopes. 

The excavations of the deep mud bottoms referred to is also a diffi- 
culty. Their widths are not known, and they probably follow the line 
of the valleys above and below the embankment line for long distances. 
In order to excavate a foundation for a dam the inflow of soft mud from 
the two ends must be cut off, and probably the construction of crib piers, 
filled with stone and sunk in the mud parallel with and at suitable dis- 
tances from the upper and lower foot slopes of the dam, will be the 
cheapest and most eftective means of doing this. The cost of auxiliary- 
work of this kind is included in the unit price ($1.50 per cubic yard) 
adopted by the Board for the mud excavation. 

It is proper to note the multiplied points at which the canal would 
be exposed to injury after construction, and the comparative facility 
with which a breach could be made at any point on the long line of 
embankments, if, for any reason, military or malicious, it should be 
intended to destroy the canal navigation until the breach could be 
closed. 

RAILROAD AND TELEGRAPH LINES. 

The company proposes to build a single-track railroad from Grey- 
town to Ochoa for tbe transportation of plant and supplies and for 
conveying excavated materials to points where needed or to suitable 
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damping grounds. The clay from the east divide will all be needed in 
the embankments between the east divide and Ochoa. Of the rock, 
about 700,000 cubic yards, solid measurement, will be required for 
Greytown Harbor; 100,000 cubic yards for pitching canal banks 
between Greytown and Lock Fo. Ij 250,000 cubic yards for concrete 
in the locks, and 2,000,000 cubic yards or more for the Ochoa Dam. 
For this large traffic the estimates of the company provide a single- 
track railroad, without sidings, terminals, or other necessary adjuncts. 
A line has been located, with grades running up to 3 per cent and 
with free use of 15-degree curves, these extreme limits being due to 
the difficult nature of the country. 

The Board does not believe that any single-track road, and especially 
saeh a one as has been described, located in a country where the rain- 
fall is so great and track maintenance will be so difficult, is sufficient 
for the business west of the east end of the divide cut, and has there- 
fore increased the estimat-e to provide for a double-track railroad in 
this section, with stations, water tanks, machine shops, sidings, and 
tenuinals for the whole line. The estimate is necessarUy approximate 
only for what is believed to be sufficient. 

From the east end of the diyide cut to Greytown Harbor it is believed 
that a single track will suffice with proper sidings and terminals. 

The telegraph line is required, not only for the operation of the rail- 
road, but to maintain communication between the different sections of 
the canal. The company's estimates are believed to be adequate. 

LAKE AND RIVER DIVISION FROM OCHOA TO WEST SIDE OF 
LAKE NICARAGUA. 

THE OCHOA DAM AND THE SAN CARLOS RIDGE. 

The dam across the San Juan Biver at Ochoa, about 69 miles from the 
lake, is the main prop of the company's project, and, like the pier of a 
cantilever bridge, upholds the burden of the great constructions that 
stretch in both directions to constitute the waterway. 

The bold project of extending the summit level of the canal from the 
lake to Ochoa, and thence to l^yond the east divide within sight of the 
Caribbean, depends upon the successful building and maintenance of 
the structure- 

The dam is designed — 

First To intercept the flow of the San Juan below its junction with 
the San Carlos and submerge the valleys of both rivers, converting 
them into arms of the lake. The effect of this would be to add some 
13,300 square miles to the lake watershed. 

Second. To maintain the water surface of the flooded valleys at such 
an elevation as will prevent the lake from falling below its adopted 
miiimmm stage, viz, 110 feet above sea level. 

Third. To prolong the summit level eastward from the dam through 
the San Francisco basins and the east divide cut to Lock 3 in the Deseado 
Valley, 17 miles from Greytown. 

Fourth. To act as a weir for a discharge over its crest of the surplus 
waters of the lake and San Juan watersheds. 

The San Carlos is the principal affluent of the San Juan and drains 
an area of some 1/250 square miles, which reaches back to the lofty 
saminits of the Oosta Bican ranges, and is subject to a heavy and vari- 
able rainfaU. The river therefore has a quick watershed, and is liable 
to heavy floods. It discharges into the San Juan about 65} miles from 
the lake and ^i miles i^ve the proposed site of the Ochoa Dam, 
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The ridge that bounds the San Garlos Valley on the east side is too 
low at numerous points within 10 or 12 miles from the San Juan to sus- 
tain the high- water level, and 21 embankments are needed to close the 
gaps and raise the crest to the requisite height. At suitable points in 
this ridge the company proposes to build three weirs, with an aggregate 
length of 1,200 feet, to aid in discharging the surplus volume of the 
two streams, and has recently added two sluices 20 feet wide and 25 
feet high for the same purpose. The San Oarlos Eidge is therefore a 
necessary adjunct, and practically a continuation of the main work. 

Since the Ochoa Dam is to sustain the volume of a reservoir nearly 
3,000 square miles in area and control the entire summit level, it will 
determine the elevations, magnitude, and cost of all the constructions 
through both the east and west divides, the great embankments in the 
San Francisco basins, and the extensive rock and other dredging in 
the San Juan and lake channels, representing about one-half of the total 
cost of the project. 

The determination of its height and other dimensions, and the selec- 
tion of the materials and methods of its construction, are therefore mat- 
ters of vital importance; a reduction of even a foot or two would impair 
navigation, and any considerable excess would endanger some of the 
works, while the failure of the dam would leave the navigation stranded, 
wreck the valley below, and possibly wash Greytown into the sea. 

A work of this kind, designed to control a large river, and upon which 
interests of such magnitude depend, can not be too thoroughly consid- 
ered or too securely built. 

The engineer should know the conditions under which he is to work, 
the forces with which he has to contend, and the probable magnitude 
of their opposing action, if he is to plan his work wisely and insure its 
safety. It is important to know — 

First. What is the nature of theriver bed and banks upon and between 
which the dam is to be built. 

Second. What are the physics of the stream itself ; its range between 
low and high water stages; its varying slopes, velocity, and volume; 
the magnitude, duration, and frequency of its floods. 

Unfortunately, information of this kind is seriously deficient. 

The company's surveys are mainly devoted to topography, and did 
not include the collection of hydraulic data. ISo survey was made of 
the river, and but one gauging, and that of no present value, as the 
stage of river when it was made is not known. For information of this 
kind, recourse must be had to the imperfect data given in the Ohilds 
and Lull reports of 1862 and 1873, respectively, and obtained during 
the recent inspection of the river by the Board. 

The company has no detailed plans or specifications for the dam, and 
the following account of the proposed method of construction is quoted 
from the Final Location Beport of 1890 : 

The section ef the river from Oohoa to the lake is te be made naylgAble by the 
oonstmotion of * dam et Ochoa, jast below the Maohado, maintaining tiie water at 
the summit level ef 106 feet above sea level. It may here be ezpluned that this 
elevation hitherto treated as the sommit level is 4 feet below the lake, a fall of three- 
quarters ef an inch to the mile being allowed for the slope necessary to discharge 
its waters, although for all purposes of navigation that portion of the river is con- 
verted into an extension of the lake. 

The dam is located between two steep hills, and its length of weir on the crest will 
be 1,250 feet, and abutments 660 feet. The average depth of the water in the river 
was at the time ef the survev 8 feet, and the maximum depth close to the southern 
abutment 14 feet, the width between banks being 950 feet. With a mean flow in 
the river of 20,000 cubic £Mt yer seoond, the thickness of water on top of the weir 
wiU be about 3} feet. 
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Hie dam is proposed to be built of rock fill and earth backing, in all reapecte simi- 
lir to all the other large embankments and weirs already described. Us average 
height aboTe the river bottom is 61 feet, its thickness at the top 25 feet, and at the 
bottom 500 feet. The core of the rock portion will be made of smaller stones, 
gnrel, and refuse ftom the rock cats, with three rows of sheet piling ^m abutment 
to ibatment, and substantial concrete core walls from the enos of the sheet piling 
carried well into the abutment hills and up along the slope beyond the maximum flood 
level. The upper portion and long flat apron will be composed of stones of the 
largest dimensions that can be properly handled and arranged, the interstices being 
fined from behind with small stones, gravel, and earth dumped from suitable 
tresUea. 

The following from a paper prepared by the chief engineer of the 
oompany for the Water Commerce Congress at Chicago in 1893, pa^es 
28 et seq., gives a fuller description : 

The Ochoa and Tola dams are the keys controlling this great problem at the east 
and west ends of the summit level, and should not be passed witnout special notice, 
particularly so the former, in which a novel method of construction is cob tempi ated. 
This work has been for years the subject of long stndv and careful consideration. 
The diversion of the River San Juan is well-nigh impossible, and construction by the 
usual methods, with either cut stone or concrete, of so important a work in opposi- 
tion to the mighty power of the stream is a problem involving the most serious diffi- 
culties. It was at first proposed to build a stone dam upon a series of arches sup- 
Sorted bv piers starting from the foundation, through which the river waters could 
ow freely during the construction of the main part of the structure, these openings 
to be closed by gates in the upper side when the upper part of the dam, its approaches 
and aprons, were completed ; and then to be filled with masonry from the lower side, 
while the water was rising in the basin. This was, perhaps, as a practical solution, 
probably the beet under the circumstances, for that style of dam; but its execution 
would be tedious, difficult, and expensive, and there was to be always present an 
element of doubt not easy to eliminate as to the final success. The building of the 
foundations and pilasters for the support of the arches in constant contontiou with 
the whole river would be a most difficult undertaking, in which the items of time 
and cost would remain unknown quantities to its completion. Another idea has 
since been suggested, which seems to embody simplicity, economy, and safety. It 
consists in dumping from an aerial suspension conveyor lores and small material 
properly assorted, across the river from bank to bank until a barrier is created suffi- 
ciently high and strong to arrest the flow and hold the waters at the required level, 
the body of the dam to be made up of large blocks of stone, weighiuff from 1 to 10 
tons, and smaller material to fill the voids. Its base will be quite broaa as compared 
with the height, probably from 400 to 500 feet between the foot of the upstream 
slope and the end of the apron. The top is estimated 30 feet wide, the rock upstream 
slope 1 to 1, and the apron, or downstream slope, 4 to 1. with the lower portion 
flattening down to 6 or 6 to 1. On the upstream side small material, such as stone, 
fragments of gravel, clay, etc., selected as circumstances may require, will be depos- 
ited as the work advances, in sufficient quantity, as tight as wanted. It is not 
expected or otou desirable to have a water-tight structure, the object sought being 
simply to oppose such an obstruotion to the river as may be necessary to hold the 
waten at the required level. The minimum flow of the river is about ten times the 
water needed for working the canal. Consequently, nine-tenths of it can be wasted 
with advantage. That tne dam will eventually become tight there can be no doubt, 
as the small drifts and detritus forced in by the current will gradually fill the voids 
and consolidate the structure. 

The method of construction will be quite simple. After protecting the abutments 
against possible erosion, large pieces of rock will be dumped in the bed of the stream 
from three or four cableways spanning the valley. The material should be distrib- 
uted uniformly over the area under the main portion of the dam, commencing upstream 
and keeping up, as nearly as possible, an even level. Scouring will soon cause set- 
tling of the blocks into firmer soil, the upper level in the meantime being constantly 
raised by depositing more stone, while the small material is beigg forced by the cur- 
rent into the voids, and the overflow dislodging and rearranging the unstable blocks 
until ihej reach a final resting place. This process to be continued until the resist- 
ance at the bottom becomes so great as to check scouring due to maximum pressure, 
when tiie dam will be carried up to the desired level. The river, in the meantime 
running over the mound, will reacyust the material in and adapt the apron to the 
necessary conditions of stability to withstand the efiect of the tall, and carry off the 
water safely. If the dam is then raised so as to shut off a whole or the largest part 
of the river flow, which can by that time be discharged over the waste weirs, the 
stmetore will be permanent, if the river is not able to prevent the completion of 
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tills work, having, on<the eontrarv, greatly contributed to its constmction by a better 
distribution and consolidation of the material, now that the waters are diverted to 
another ontlet, no fear need be entertained as to injury from that soarce. There may 
be some settlement and final readjustment of the component parts for some time after 
completion, but that can be easily remedied by depositing more material where 
needed. It is believed that this dam will be sarer, as it is By far more economical, 
than a stone dam. An earthquake might cause serious damage to a masonr^r dam, 
but it can do no harm to this. On the contrary it may add to its consolidation by 
bringing the parts in closer contaot. There are no cemented joints to be opened, and 
a seismic disturbance would have a tendencv to compact rather than to disintegrate 
the large mass. The rock for the dam will be brought by rail from the divide, and 
delivered immediately under the wire cables, each one of which will be capable of 
handling and depositing about 1,000 tons in ten hours. Consequently the work can 
.be <)ompleted in from four to five years, and, if it need be, in less time. 

On page 27 of the same paper it is stated that — 

At the site of the Oohoa Dam, gravel, clay, and rock, in the order named, are shown 
by the borings. 

On pages 20 and 21 it is stated tbat the weir on the crest of the dam 
is to have a length of 1,250 feet, with its sill at elevation 105, 1 foot 
below the water sarface, while the San Carlos Kidge weirs, with a length 
of 1,200 feet, have their sills at elevation 103.5, 2^ feet below water 
snrface. 

The company assumes, therefore, that there will be at all times 
streams of at least these depths flowing over the weirs, and compatea 
the corresponding discharge at 14,200 cubic feet i>er second, with the 
water surface at normal level, viz, elevation 106. 

The cubic contents of the dam, as above described, is given in the 
company's estimates of 1890 as 880,000 cubic yards ; but thishas recently 
been increased 50 per cent, and appears in the estimates of August, 1895^ 
as 1,200,000 cubic yards. 

It is not known upon what basis the company assumes that the slope 
of the river from the lake to the dam will be 4 feet when the water 
surface at the dam is at an elevation of 106 feet. 

So far as the Board can determine, the slope at low stage of river and 
lake will be 0; in other words, that, to prevent the lake from falling 
below summit level elevation 110, during the dry season, the water 
surface at Ochoa must be held at the same or a greater elevation, the 
height of the dam be correspondingly increased, and all sources of 
waste be stopped. Furthermore, the company assumes (p. 19, Chicago 
pai)er) a possible maximum discharge from the watershed, with both 
rivers in full flood, of 63,000 cubic feet per second. No gaugings have 
ever been made at high stages, and reliable data are lacking; but from 
such sources of information as were accessible to and from observations 
made by the Board, and by various methods of computation, it is clear 
that high floods, discharging as much as 125,000, and possibly 150,000, 
cubic feet per second, are to be expected at intervals of a few years, 
and that the dam is likely to be subjected to such floods during con- 
struction and subsequently. 

The problem at Ochoa, therefore, is to build a dam in opposition to 
the tremendous and unknown forces of the river floods, while the 
imperative requireraentfl of the completed structure are that it shall be 
permanent beyond peradventure and practically imi)ermeable. In a 
structure so important as this, where failure would mean destruction 
to property and population from the dam to the sea, and suspension 
for several years of navigation through the canal, only the most secure 
and stable structure ahoSd be oonaideredi It is not a place to practice 
amaUeoonomlea. 
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The conditions would be fally met by a masonry dam on a solid rock 
fonudation, if such could be found. 

No such site is at present known nearer than Machuca Rapids, 17 
miles above, and no search has been made for any. The company's 
location was fixed with reference to topographical considerations, and 
the geological investigation was both scanty and unsatisfactory. In 
January and Febiuaty, 1888, borings were made in the bed and banks 
of the river to ascertain the nature and disposition of the subjacent 
materials. The party was provided merely with earth augers for boring 
into clay, and with pipes and sand pumps for exploring the sandy bed, 
but had no drills for penetrating and testing rock, in order, if found, 
to ascertain its character and quantity. 

The following table gives in a condensed form the information 
obtained : 

Eecord of baring§ with earik auger and pipe and iand pump at eite of Oohoa Dam, 



Location of boring. 



ICaterial 

passed 

tnroueh. 



On north iMuik, 120 flset tram 

riTer, on center line of dam. 
On north bank, 00 feet from 

rivor, 250 feet aboTe center 

line of dam. 
On north bank, 110 feet from 

riT«r, 120 feet above center 

line of dam. 
On north bunk, near water's 

edge, 100 feet above center 

Ime of dam. 



On aoath bank, 90 feet tram 

river, 330 feet below center 

line of dam. 
On south bank, near water's 

edge, 120 feet below center 

line of dam. 
On south bank, near water's 

edge, on center line of dam. 
On south bank. 100 feet from 

rirer, on center line of dam. 



On sooth bank, 150 feet fh>m 

river, 70 feet below center 

line of dam. 
On sonth bank, 130 feet i^m 

river, 60 feet below center 

line of dam. 
On soath bank, 60 feet ft'om 

river, on center line of dam. 



In river, 200 feet from sonth 
bank. 

Do 

Kiddle of river 

In river, 200 feet from north 

bank. 
Id river, 10 feet from north 

bsnk. 
8oath bank, on water's edge. . . 




42 



15 



54 



37 



.do. 



10 feet elaj, 
then 12 
feet sand 
and gravel, 

Clay 



9 feet dav, 
then 24 
feet clav 
and Sana. 

Sand 



.do... 
.do... 
.do... 



Clay... 
....do. 



Material 
reported 
at bottom 
of boring. 



Book.. 
....do. 

....do. 

....do. 



do... 

Bowlder . 



..do. 
..do. 



.do. 



Clay. 



.do. 



Sand. 



.do. 
.do. 
.do. 



Boek.... 

Clay hard- 
pan. 



±i 
111 



Feet. 

+76 

+26.7 



+19.6 
— 1.4 

+» 

+84 

+88.7 
+TI 

+W 
+62 

+n 

+13.3 

+12.8 
+18.8 
+84.8 

+ 48 

+ 9.8 



Bemarks of engl- 

neer in charge 

of boring. 



Book, thonght to 
be a bowuler. 



10 feet above 
rook, olay and 
sand. Rook 
appeared very 
hard. 

Bock, thought te 
be a bowldAr 



I These borings aft 
k nearly the same 
I point. 



StmoksoUdreek: 
very hard* 



Kan.— Sorfeee elavation of river February 5-16, 1888, 48UI| which U a rather low stage. Borings 
L to 4i inolasiT«t were taken during this period. 
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The borings show that the hills forming the river banks are of clay 
which is fairly compact. One of these borings, however, shows a con- 
siderable depth of sand and gravel underlying clay at a distance of 160 
feet from the bank of the river, and points out a possible source of dan- 
ger to the abutments. Five borings only, viz, L, M, N", O, and P, were 
taken in midstream. In four of these nothing but sand is reported to 
a depth of 24 feet. It is explained that these borings were not carried 
to greater depths, because the pipes became clogged with graveL which 
could not be removed with sand pumps, and for the removal oi which 
no other provision had been made. 

^^Bock'^ is reported in several borings at depths differing greatly 
even within short distances, and it is doubtful if rock was found in a 
single instance, when it is taken into account that the only tool for 
determining the character of the material was a common auger. 

The boring marked D, taken near the water's edge on the north bank 
of the river, reached a depth of nearly 14 feet below the deepest bor- 
ing in the river bed. This renders it very probable that at least that 
depth of sand or gravel overlies any harder material, if any, in the 
center of the stream, and this probability is strengthened by the fact 
that in the San Juan above the San Carlos the depth of water is as 
great in some places as 50 or 60 feet, reaching much below sea level. 

Nevertheless, an exhaustive search should be made for a suitable site 
for a masonry dam before accepting one of inferior character. If the 
route adopted by the company from Ochoa to the sea, through the San 
Francisco basins to the valley of the Deseado, with some of the unde- 
niable advantages that it would possess is to be retained, the limits for a 
possible location of the Ochoa Dam are quite narrow. Above the mouth 
of the San Carlos the deep channel would make it difficult to build 
masonry foundations, and the canal extension to reach it would be 
costly. Below Ochoa reconnoissances in the vicinity of the mouth of 
the Serapiqui and for a few miles above that point have made it almost 
certain that no site for a high dam exists in that vicinity. The exami- 
nation would therefore be confined to a stretch of river extending not 
more than 10 or 12 miles above Ochoa and not more than 8 or 10 below 
it. The Board, however, while insisting upon the necessity for this 
investigation, can not prejudge its outcome, and must, in accordance 
with its instructions, report upon the plan proposed by the company. 

The structure proposed by the company, as previously described, 
is a rock fill of not excessive dimensions, to be composed of loose masses 
of rock of assorted sizes, dropped into the river and permitted to reach 
positions of stability under the action of the river, and in conflict with 
its floods. It is assumed that the resultant slope upstream will be 1 : 1, 
and the downstream slope 6:1 near the base to 4 or 2:1 at the top. 

The weir crest of the dam is to be at elevation 105, about 60 feet above 
the low river, and the base supposed to be about 25 feet below it, giving 
a total height to the structure of 85 feet. 

Smaller materials, stone, gravel, and clay, etc., are to be deposited 
against the upstream face as the work advances, and, working into the 
rock fill, gradually tighten it, with an ultimate upstream slope of 3 : 1. 

The shore connections are to be made by means of lines of sheet 
piling, the soil to be excavated between them, and core walls built of 
concrete. 

The company considers that it will not be needful to make this dam 
entirely water-tight, as the large surplus discbarge of the river will 
permit considerable leakage without interference with canal require- 
ments. This assumption, however, is quite erroneous. 
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The Board has given careful and laborions consideration to the 
problem of this dam as the most difficult and important individual work 
in the project, and has sought every means available to investigate the 
chances of its successful construction. 

The dam, if finished, could not be overturned or pushed from its base; 
but questions arise as to the strength of its foundations, as to its resist- 
ance to floods during construction, as to making it tight enough to retain 
in the dry season a sufficient amount of water for canal uses, and as to 
the practicability of using the completed dam as a weir. 

It may be said at once that the structure as proposed, of loose rubble, 
bnilt in a sand foundation of unknown depth, in conflict with a powerful 
stream subject to floods, and to be used as a weir after completion for 
the discharge of the river, has no precedent in any engineering con- 
Btniction. 

The idea of the ^'rock fill" was doubtless suggested by the works of 
that kind that have been built in the West, and it will be useful to give 
the particulars in reference to some of these, and, from their success or 
fiulore and the precautidns found necessary in building them or the 
defects which led to their destruction, to extract such lessons as may 
be applicable to the case in question. 

Dams of rock fill, with various modifications, have been in use for 
several years and have found their principal development in the mining 
and arid regions of the United States. Several have been built by 
hydraulic mining companies in California. The Oalifornia dams usually 
contain more or less crib work which is exposed to decay, but the dams 
are intended to serve only a temporary purpose. The foundation is 
usually of rock. The slopes are 1:1 or steeper, the face being heavy 
rabble, of the largest stone obtainable from the quarry, and laid with 
derricks. The smaller stones and refuse are used for the interior 
filling, which is dumped in. The upstream face is provided with a 
water-tight covering of 3-inch plank, of one, two, and three thicknesses 
from the top downward to the bottom, secured to the crib work or to 
timbers anchored into the body of the dam, carefully calked, and fitted 
at the lower edge to the foundation. Several of these structures will 
be described. 

THB ENGLISH DAM. 

The English Dam on the Tuba Hiver in Oalifornia was built in 1856- 
1858 as a crib dam. It was 110 feet wide at the foundation, which was 
on hard trap or shale. The total height above the foundation was 
about 89 feet at the center of the dam. Its width at the base was 100 
feet. In 1876-77 it was decided to raise the crest of the dam. The 
timber in the outer face of the crib work was renewed wherever decayed } 
a mass of rocks was deposited against the downstream slope^ the face 
being heavy dry rubble, laid carefully, and the space between this and 
the crib filled with loose rock. The downstream face had a slope of 
nearly 1 : 1. The upper 7 feet was made wholly of substantial timber work, 
comiected with the water-tight plank facing of the original crib work. 
The crest of the completed dam was 131 feet above the deepest part of 
the foundation. From 1858 to 1883 the water in the reservoir was raised 
ev«y year to the high- water mark, which, in the new structure, was 14 
inches below the crest of the new timber work. Uo sign of weakness 
was ever observed. 

At 5.30 a. nu of June 18, 1883, a watchman, in making his usual 
nmnds, heard two sharp explosions, and hastened to a point from 
whieh he had a view of the daoL The water was pouring through an 
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opening in the upper timber work over the crest ol the stonework; in 
a few moments the crest of the dam for a length of 175 feet was swept 
away, and an immense opening was cut in the foundation. In the space 
of one hour fully 600,000,000 cubic feet of water were discharged into 
the canyon below at the rate of 160,000 cubic feet per second. 

The failure is supposed to have been due to the decay of the timber 
in the crib work, causing a settlement in the rock fill and permitting a 
sheet of water of considerable depth to pass over it. 

THB BOWMAN DAM. 

The Bowman Dam was built a short distance below the English 
Dam, in the same valley. When first built it was a crib dam, 72 feet 
high, filled with rock. In 1875-76 it was raised to its full height, 100 
feet, by a rock fill against the downstream side of the crib and above 
its crest. The completed dam is 425 feet long on the crest, with slopes 
of 1 : 1, or a little steeper, on both sides. It was faced with heavy- 
rubble, laid with derricks. On the downstream face the rubble was 15 
feet thick at the base and 6 to 8 feet thick at the top. The upstream 
face was covered with plank sheathing, calked and made water-tight. 
The top of the dam was covered with coping of plank anchored into 
the stonework. At the time of the failure of the English Dam the 
entire flood passed over the Bowman Dam without injuring it. 

Other dams of the same general character still doing service might 
be cited, but they differ in no important particular from the English 
and Bowman dams. The essential features were an impermeable 
found<ation, and a crib core, with a water-tight plank sheathing. In a 
few other localities dams have been built without the plank sheathing, 
and in some respects more nearly comparable with the dam propos^ 
at Ochoa. 

WALNUT GROVE DAM, ABIZONA. 

This dam was built in 1888. It was 420 feet long on the crest, 110 
feet in height, 138 feet wide at the base, and 15 feet wide at the top. 
Both sides were faced with dry rubble walls 20 feet thick at the base 
and 5 feet thick at the top. The upstream face was covered with a 
water-tight plank sheathing. A mass of loose rock, having a slope 
of 1 : 1, was piled against the downstream side for half its height The 
foundation was rock. 

During a great flood in February, 1890, the water poured over the 
crest to a depth of 3 feet for six hours, when the dam gave way and was 
entirely destroyed. 

OASTLBWOOD DAM, COLORADO. 

This is a loose rock dam, with masonry face, and is 686 feet long on 
the crest, 63J feet high, 85 feet wide at the base, and 8 feet wide at 
the top. The underlying material is a compact bed of clay and hard- 
pan, which was excavated 15 feet deep over the site of the dam. The 
upstream slope is 1:10; the downstream slope 1:1. Both face walls 
have a thickness of 5 feet, and are laid in cement mortar; the interior 
filling was laid dry, but each stone was carefully placed. When first 
built, the crest for a distance of 100 feet was left 4 feet lower than the 
remainder of the dam to form a waste weir, but this has been filled up, 
and a sluiceway excavated through a rock in a hill forming one of the 
abutments. The dam is still in good order. 
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THB PEOOS DAM, NEW MEXIOO. 

This dam was built in 1890. It bad a crest lengtb of 1,040 feet, witb 
a heigbt of 45 feet above tbe lowest point in tbe foundation. It was 
built of loose rock, of gypsum and limestone, whicb was of poor quality, 
and broken into smaU pieces in excavating. Tbe upstream slope 
appears to bave been about }:1, and was faced witb a hand- laid wall. 
The downstream slope was 1 : 1 witbout facing. An earth embankment 
was bailt against the upstream side, with an upstream slope of 2 : 1. It 
was put in dry, and, when the first nood came against it, slid away, and 
the water poured through the rock fill without doing it any injury. 
After the flood subsided the embankment was rebuilt in a more thorough 
maoner, witb an upstream slope of 3 : 1. In 1893 there occurred a very 
high flood, and, the spillway being insufficient, the water poured over 
the top of the dam to a depth of 5 inches, which was sufficient to cause 
ite speedy destruction. 

ST. GHBISTOPHEB BAM, FBANCE. 

The following description of this very interesting example of a rock- 
fill dam is taken from the Engineering News of January 8, 1887, which 
is credited by that paper to the proceedings of the Institution of Oivil 
Engineers: 

Thift was originally a bank of Toagh stone 65 feet hiffh for carrying the canal 
CMarseiHes Canal) across the valley, and constmcted with very little care, witbout 
any intention of nsing it as a reservoir dam. When it was determined to adapt it 
to this parpose the water-tight lining of the canal was removed and the turbid 
water allowed to sink into the dry stone work. This produced considerable settle- 
meut, but at the same time filled up the cavities with deposit. Water was then 
gradually let into the reservoir. At first large quantities made their way through 
the dam, bnt the amount of leakage diminished by degrees and the inner face of the 
dam was then covered with good masonry , 10 feet thick at the bottom and li feet at 
the top. This was expected to render it water-tight, but did not have this effect, and 
upon readmitting the water large fissures appeared on the face, particularly near 
the bottom. Several rows of piles were then driven near the foot and the oraoks 
filled apy and the bank is now practioally water-tight. 

THE OASOABE FILL. 

The Cascade Fill, on the line of the Erie Eailroad, has been referred 
to in connection with the proposed Ochoa Dam, and illustrates so well 
some of the features of rock fills that a description is proper in this 
connection. 

The track of the Erie Bailroad crosses the valley of Cascade Creek, 
175 feet above the bottom of the gorge. It was originally carried on a 
timber arcb which was replaced about 1860 by an embankment. In 
order to avoid the use of a culvert through the embankment the lower 
portion was made of clean riprap, which formed a drain for the creek. 
The upi>er portion was made of smaller stone, and with anticipation 
tbat the rainfall ndght not pass the largest fioods a tunnel was driven 
aroand one end of the fill through the rock of the hill, as a discharge 
cnlvert- 

In 1875 the tunnel discharged a large amount of water for the first 
time. As late as 1888 the rock fill continued to pass the ordinary drain- 
age and even moderate floods, but since that time it has become prac- 
tically water-tight and the discharge is through the tunnel. 

The rock-fill dams which have been cited differ firom the proposed 
Ocboa Dam in many respects^ and the limit* within which they may be 
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regarded as precedents must be kept clearly in miud. In no case has 
the rock fill been relied upon to make a water-tight dam. A plank 
sheathing or a skin of masonry laid in cement, or a careftilly built 
embankment has been adopted as an absolutely necessary feature. In 
the case of the Cascade FUl, the riprap was intended to act as a sub- 
stitute for a culvert, and answered its purpose sufficiently for many 
years except for very heavy rains. 

In nearly all cases the foundation is rock, but there are two notable 
exceptions. The first is the Castlewood Dam, in Colorado, where the 
foundation is a compact bed of clay and hard pan. The second is the 
St. Ohristopher, where much settlement and leakage resulted, which 
was finally stopped by sheet piling. 

The English, Walnut Urove, and Pecos dams failed immediately or 
within a few hours when the water passed over their crests, and they 
became weirs. The failure of the English Dam was caused, probably, 
by a settlement of the stone breaking the connection between the new 
timberwork on the summit of the dam and the older crib work below 
and permitting the new work to be swept away ; but whatever the cause 
may have been, it is an important fact that as soon as a sheet of water 
6 feet or more in depth commenced to pass over the unprotected crest 
of the rock-fill dam its destruction followed in a few moments. The 
resistance of the Bowman Dam, over which the vast liberated flood 
passed so quickly, was probably due to the protection of the crest by 
timberwork, whicn prevented the formation of a breach in the rock 
fill, and it may be presumed that the downstream face of the dam had 
been laid with care, but it must be remembered that the trial lasted 
only about an hour. 

There has been much dispute as to the care with which the Walnut 
Grove Dam was built; the slopes were considerably steeper than 1:1, 
and although the walls on both sides were hand laid, the dam failed 
within six hours after having been overtopped with 3 feet of water. 

The failure of the Pecos Dam is not so surprising, for the material of 
which it was composed appears to have been already so finely broken 
that it could offer little resistance to a strong current, and its speedy 
failure when overtopped was inevitable. 

No case is known of an existing rock-fill dam where its use as a weir 
is intended, and the failures above cited point out the danger, which 
there would be no justification for incurring, for the completed struc- 
ture at Ochoa, where the interests involved will be so vast. 

It is inevitable, however, that during the construction of the Ochoa 
Dam the flood waters will pass over it, and the question of their prob- 
able effect is of great importance. 

The conditions at Ochoa will be in some respects more favorable, in 
some respects less favorable, than in the cases above mentioned; the 
material to be used will be in large masses, and the downstream slope 
will be flatter. On the other hand, the annual floods of the San Juan 
will be discharged over the mound for several years during its con- 
struction. If a flood like that of 1888 occurs during this period, the 
depth of the sheet of water passing over the dam will be 10 feet or more 
in thickness, and will exert an enormous force to displace the stones on 
the crest of the downstream slope, a force which they will be the less 
able to resist because in the earlier stages of the work it will be impos- 
sible to arrange them with any regularity so as to form a dry wall or 
paved surface. 

The great weirs known as " anicuts" built across the wide, flat, sandy, 
river beds of India are instructive in this connection. While these 



Digitized by 



Google 



KICARAQUA CANAL. 61 

weirs are only 10 to 20 Jeet in height above the bed of the river, 
immense floods pass over them, sometimes for a depth of 20 feet. The 
weiis are built daring the season of low water, when the flow of the 
riyeris small and can be diverted, and any repairs that may be neces- 
sary can be made during the long dry season that presently follows the 
brief nany season. The river bed for a distance of 150 feet or more 
below the weir is protected by a heavy layer of riprap, covered by a 
paying of large stones laid by hand as close as possible, with their 
longest dimension vertical. A system of concrete or rabble walls whose 
foundations generally penetrate several feet into the river bed divides 
this protecting apron into areas of 20 to 30 feet square, so as to confine 
tbe limits of injury which any portion may receive. The slope of the 
apron is never steeper than 10 horizontal to 1 vertical, and more often 
20:1. 

During the construction of the Ochoa Dam the river can not be diverted 
d&er wholly or in part until the dam |ias been built to a considerable 
height above the present river bed^ and the top and downstream slope 
of the dam, corresponding at this stage with the apron of a weir in 
India, can not be protected by a regularly laid sarface. The stones, 
however, may be very much larger, and thus compensate somewhat for 
irregularity of arrangement. 

Several of the larger Indian weirs resemble the Ochoa Dam in that 
fhey are built on sand extending far below the foundations, but they 
are never of great height, and the penetration of the masonry of the 
weir below the river bed is usually greater than the elevation of the 
crest above the river bed. It would be impracticable to realize a like 
condition at Ochoa. 

It appears from this account of typical existing dams that, although 
rock-Ml dams are not new, and although weirs have been built on sand 
and maintained successfully, the Ochoa Dam is actually without prece- 
dent in its more serious aspects, and its construction will be far more 
difficult than any that have been mentioned. The successful rock fill 
dams have impervious foundations, and are made water-tight by sheath- 
ing or masonry. The materials in them are in great part hand laid 
adding greatly to their stability, and none of them has been built in 
conflict with the forces of a great river or was intended to be used as 
a weir for the discharge of floods. 

As to this last poin^ the Board is clear in its judgment that no such 
endeavor should be made in the case of the Ochoa Dam, as involving 
an unwarrantable hazard to the safety of the structure and of the canal 
navigation* 

It will be seen that the construction of a loose rubble dam without 
masonry and lacking bond and coherence, resting in a bed of sand of 
unknown depth^ intended to endure the constant flow of water over its 
crest and down its rear slopes, and to resist the passage of floods of 
many feet depth, depending for its maintenance solely upon the sta- 
bility that the individual stones exposed to the impact and power ot 
the stream may be able to derive from their weight and contact with 
the adjacent pieces of rubble, has little resemblance to the low and 
carefully hand-packed anicuts built during the dry season, or to rock 
fills of the mining regions, built dry on rock, with crib work whose 
defect is its perishability, and which are not intended to bear an 
overflow. 

In the case of the Ochoa Dam, while there are no precedents of simi- 
lar design that can usefully be studied as a guide, there are many 
failureB of dams of various types that may wisely oe considered as 
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warniDgs when the subtle and often incalcalable power of a large body 
of water under high pressure and in full movement is in question. 

Although evidently invested with special and unusual difficulties, it 
can not, therefore, be inferred that the construction of a dam atOchoa 
is to be regarded as impracticable or beyond the resources of modern 
engineering. Engineers are loath to admit that anything not forbidden 
by the known laws of nature is impossible, provided the need of doing 
it and the means of paying for it are commensurate with the magni- 
tude of the undertaking; but no one will deny that the formidable 
nature of the task and the seriousness of the interests depending upon 
its successful execution make greater the urgency that every detail 
and particular affecting the problem shall be closely studied and accu- 
rately determined, without doubt or uncertainty, as far as the methods 
and appliances of modern science shall avail to ascertain them, in order 
that the plans of construction may be intelligently formulated, the nec- 
essary appliances be considered to meet contingencies, the risk and dif- 
ficulties of construction and maintenance be reduced to a minimum, 
and a fairly adequate estimate be made of the cost of the completed 
work, and of the time required to build it. There are chances and 
hazards in all great undertakings, and the history, both technical and 
financial, of engineering constructions, especially those dealing with 
hydraulic problems, but emphasizes the necessity of thorough explo- 
ration, and full and precise ascertainment of essential facts before pro- 
ceeding with the actual execution and expenditure for construction. 

The Board has endeavored, notwithstanding the lack of proper data, 
to formulate some views as to what might seem to be the safest method 
of constructing the dam, and as to the dimensions it should have. 

One view contemplates the building of the dam subject to the floods 
of the river until it should be raised to such an altitude as to admit of 
completing the upper part rapidly in one low- water season. 

The second considers the advantage of constructing sluices in the 
San Carlos Kidge of such dimensions as should give relief in part or 
altogether, with the idea, subsequent to the completion of the dam, of 
continuing the sluices in service as a means of regulating the water 
discharge, and the maintenance within proper or possible limits of the 
summit level elevation. 

In view of the probability that the work may be subjected to a flood 
so great as 150,000 cubic feet per second, the Board considers that this 
contingency should be regarded as a datum for safety in arranging the 
details of construction. 

Another datum regulates the height. The maintenance of the lake 
level at a minimum of 110 will probably involve the necessity of holding 
it at times at 112 or even more. The Ochoa Dam must meet this con- 
tingency, and its crest elevation, allowing for possible subsidence and 
a proper free board, should be 120. 

The weakest point of a dam built as the company proposes would 
probably be at the river bank, where the loose rock will meet the steep 
clay slope. The method proposed for protecting this point by lines of 
sheet piling and concrete core seems entirely inadequate. A better 
construction would involve the use of a caisson on each side of the 
river, located so as to be partly in the river channel and partly in the 
firm clay bank, and sunk by the pneumatic process to bed rock if within 
reach by that means, or if not, at least below reach of scour. It seems 
probable that either bed rock or a mass of bowlders would be found 
near sea level, elevation O. The caisson should be surmounted by a 
concrete wall, extending up the hillside beyond the caisson to the 
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higliest elevation to be reached by the water surface after the comple- 
tion of the dam, say 114 or 116. A trench 20 feet or so in depth, or 
deeper if necessary to reach firm material, shonld be excavated in the 
hillside for the core wall. This work done, the river banks and hill- 
sides below high-water level shonld be covered with a heavy mass of 
large stones and an additional amonnt held in reserve before deposit- 
iiig any rock in the river. The result of this would be to contract 
somewhat the width of the river channel, which would at once scour 
oQt so as to maintain its normal cross section, A considerable scour 
would be desirable, because it is important that the rock mass be sunk 
deeply into the river bed, since, if rock or a bed of bowlders or heavy 
gravd can be reached, the safety of the structure will be increased 
greatly. In depositing rock in the river those methods should be used 
which will induce scour, and possibly the building out from each side 
may best answer this purpose. 

The proposition of the company to build the main portion of the 
dam with stones of large size, with only enough small pieces to fill 
voids, is sound, and precautions should be taken to have the surface of 
the moand covered with the heaviest rock obtainable prior to every 
flood season. If the work is carried up over the whole width of the 
stream, a regular cross section should be maintained, so that the force 
of the flood will not be concentrated at any one point. The downstream 
slope should be made very flat — 10:1 will be none too flat, and will give 
tronbl e enough in maintaining it. As the work rises the danger of 
injury by flocks will increase. Should sand under the mound scour out 
at any point a settlement would occur, a channel would be formed 
through the mound, and the destructive power of the current be greatly 
increased. If, however, the mound can be successfully raised to an ele- 
vation of 70 feet above sea level, or 36 feet above the present bed of the 
river, it will be then possible to buiid the remainder of the dam to full 
height in a single low- water season, the reduced flow of the river spout- 
ing through the interstices of the dam, by using temporarily a steeper 
downstream slope of 3 or 4:1. This done, and weirs provided else- 
where for discharging the river, the hazards of construction will be 
passed ; but until this stage is reached the work will be subject to dan- 
ger from every flood and the contingent risks will be great. 

It is believed that by some such means as is outlined, subject to modi- 
fications as actual experience may prove necessary, a rock mound could 
be carried across the river. It should then be strengthened by com 
pleting the full-rock section. 

The rock mound would be quite permeable, and the water pressure 
against it would vary with the volume of the discharge. To make it 
hold water, an embankment, which would form the real dam, the rock 
mound serving as its support, must be built on the upstream side. It 
is pro|)Osed to make the embankment of fine stone, gravel, clay, etc., 
with the view that a quantity of these materials should be carried well 
into the rock mound. An embankment composed largely of clay 
dumped in the water wo«ld take a much flatter slope than 3:1. For 
these reasons the quantity estimated by the company would have to 
be increased largely, and means may have to be adopted, not contem- 
plated by the company, to render the dam tight enough to answer its 
purpose, as the permissible leakage is much less than the company has 
assumed. 

By the addition of the embankment, and the retardation by firiction 
of the flow of water through the underlying sand bed, the dam will be 
rendered more secure from undercutting and consequent settlement; 



Digitized by 



Google 



64 NICARAGUA CANAL. 

but some doubt as to ultimate security will still remain. Confidence 
would be gained to a certain extent during the construction of the dam, 
if no breaches were caused by the annual floods, but it would require a 
considerable period of time after the completion of the dam to allay all 
apprehension. If a site can be found where the dam can be built above 
a rock or other stable foundation, the permanence of the structure will 
be rendered much more probable and the uncertainties of construction 
reduced. 

If such a dam becomes breached with the great volume of water 
standing at a high level against it, destruction would follow quickly. 
The crest, therefore, should be raised so far above the surface of the 
water in the pool that a considerable settlement could be sustained 
without sinking the crest below the water surface. 

A study has been made to ascertain if, by the construction of auxil- 
iary sluices at convenient points in the San Carlos ridge, the river could 
be in part or wholly diverted, so as to reduce the volume and velocity of 
flood discharge over the dam, diminish the possible risksduringconstmc- 
tion, and subsequently aid in regulating the elevation of summit level. 

Following a preliminary discussion of this subject with the Board, 
the company has added to its estimates the cost of two sluices with 
openings 20 feet wide and 25 feet high; but the sills are put at eleva- 
tion 64, and the river surface would therefore have to rise about 16 or 
18 feet before the sluices could begin to discharge. 

Furthermore, the company largely underestimates the highest possi- 
ble flood at 63,000 cubic feet per second (see Chicago paper, p. 19), 
while the Board considers that a maximum of 150,000 is possible, and, 
for security, should be assumed. 

The construction of sluices or other means of diverting the entire 
possible flow at the outset, prior to beginning work on the dam, would 
involve so serious a cost as to make it prohibitory; but if the sluices 
were so planned as to begin the relief of the dam at a point where the 
effect of flood discharge would become dangerous, and thereafter furnish 
an increasing measure of assistance, the risks involved would be reduced 
and construction facilitated. 

After construction, the sluices could then be called upon, if neces- 
sary, to dischage a full flood. 

For the purpose in question eight masonry sluices were assumed, 
with openings 20 by 25 feet and sills at elevation 58. The crowns 
would therefore be at elevation 83, and when the water surface, as 
raised by the dam, should reach elevation 100 the sluices would be 
capable of discharging the full volume of 150,000 cubic feet per second 
with a head of water of 17 feet over them. 

As the average low-water surface of the river is at about elevation 
48, the dam in the earlier stages of coustruction must in any case be 
without relief, and with the gradual raising of the mound the floods 
would act with increasing force and effect; but at elevation 58 the 
sluices would begin to cooperate. 

The discussion of the balancing action of the sluices under the vary- 
ing conditions of flood discharge and surface elevation of river at the 
several stages is complicated and quite interesting, the more so as 
the sluices in the San Carlos Valley are 6 miles distant from the dam in 
the San Juan, measuring along the river channels; but the subject is 
too technical for incorporation in this report. 

The period of greatest danger to the dam will be when its crest is 
built up to about elevation 65 to 70 — say, 17 to 22 feet above low water — 
and at this stage subjected to a flood of 150,000 cubic feet per seoond. 
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The sluices would be abont two-thirds full, and be discharging about 
00,000 cubic feet. The flood i>ouring over the dam would be about 
90,000 cubic feet, the depth over the crest of the dam would be over 9 
feet, and the water would descend the rear slope in a solid mass 5 J feet 
deep, with a velocity of nearly 13 feet per second, or nearly 9 miles per 
hour. 

Witnoat the aid of the sluices the depth on the crest would be about 
13 feet and the velocity down the slope 25 feet per second. 

These figures, though theoretical merely, may serve to give some 
idea of the magnitude of the destructive forces to which the rock-fill 
structure will be exposed and the hazards involved in the attempt to 
build it in such unprecedented conditions. 

The cost of the sluices would not be less than $1,500,000, allowing 
for necessary excavations and protection for site and approaches. It 
may be observed that the construction of these sluices in a clay bank, 
to be operated under high head, will itself be no mean task, if due 
precautions are to be taken to insure the efficiency and safety of the 
structure after completion. 

It may be proper to give the dimensions which the Board believes 
the Ochoa Dam would be likely to have, if successfully erected. 

The crest of the dam at elevation 120; its base in the sand at about 
elevation 15] total height, 105 feet. The rock-fill x)ortion would be 20 
feet wide on top; base, 950 feet; rear 8loi)e, from 10:1 at base to 4:1 at 
top; front slope, 1:1. The embankment against it on the upstream 
side would be 20 feet wide on top (making 40 feet total width of sum- 
mit) and an upstream slope of 5:1 and base 340 feet. 

The volume of the rock fill would be 2,000,000 cubic yards and of the 
embankment 600,000 cubic yards. Total volume, 2,000,000 cubic yards ; 
total base length, 1,290 feet. 

One or more lines of sheet piling across the river under the embank- 
ment would tend to diminish the movement of water through the sub- 
jacent sand, augment the safety of the dam, and reduce leakage. 

The examination of the project for the dam shows for itself its unsat- 
isfactory character. Should further exploration develop a more advan- 
tageous site with conditions positively ascertained, a safer construction 
could be designed. The case is not one where unnecessary risks should 
be run, or plans based upon insufficient data be adopted. 

With the intbrmation now available the Board can not undertake to 
commit itself to more than a tentative and approximate estimate of 
what the Ochoa Dam may cost, and the item of $4,000,000 entered in 
the schedule may be either increased or diminished as the conditions 
shall become better known. 

THE SAN CABLOS RIDGE. 

As an adjunct to the Ochoa Dam and the most suitable location foi 
such sluices, weirs, etc., as may be needed to discharge the surplus 
drainage after construction of the dam, it will be convenient to refe*. 
to the San Carlos embankment line in connection with the main work. 

The embankments proposed by the company for an assumed watei- 
surface elevation of 106 are 23 in number, with an aggregate length of 
erest of about 1^ miles; but for the greater elevation deemed necessary 
by the Board, viz, 110, the number will be increased to 2£' and the 
aggregate length to 1^ mUes. 

There is nothing in the construction of these embankmeni/S that pia- 
sents special difficulty. 
H. Doc. 279 5 
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The length of weir, with movable dams, provisionally estimated by 
the Board as needful for the flood discharge, is about 4,000 feet, which, 
with a head of 4J feet, would discharge approximately 130,000 cubic 
feet per second. If sluices are used in conjunction, the weir length 
may be reduced, or possibly omitted altogether. 

In any case, since upon these adjustable weirs or sluices, or both, 
will depend the water-surface summit elevation required, the details^ 
when finally adjusted, must be of the most elaborate and efficient char- 
acter, with ample mechanical appliances for speedy and safe adaptation 
to varying needs, including telegraphic communication up the valleys 
of the San Carlos and San Juan. 

THE SAN JUAN RIVER. 

The San Juan receives the surplus waters of lakes Managua and 
Nicaragua and of the territory draining into them, a total area that 
has been roughly estimated at 11,400 square miles, to which is to be 
added the 4,000 square miles of the river valley proper. 

It is a large stream at the outset, having a flow at mean low stages 
at Fort San Carlos, where it leaves the lake, of 10,000 or 12,000 cubic 
feet per second, with a width of 800 feet and an average channel depth 
of 10 feet. 

The total length of the river from the lake to the Caribbean is 119 
miles, in which distauce it falls 102 feet from mean low lake to mean 
sea level, with slopes ranging from less than an inch to over a foot per 
mile, not considering the several rapids, and an average slope of 10 
inches per mile. 

The navigation of the upper 60 miles is obstructed by four rapids, 
where rocky reefs cross the river valley, causing local steep descents 
of 6 or 7 feet each, and sustaining the intervening quiet stretches. 
These rapids, in their order, proceeding downstream, are at distances 
from the lake as follows: Toro, 27 miles; Castillo, 37 miles; Balas, 44 
miles, and Machuca, 48 miles. At low stages the river boats can not 
ascend these rapids, with the exception of Balas. 

From Machuca to where the San Carlos River — ^the most important 
affluent of the San Juan— joins the main stream, 65^ miles from the 
lake, is 17 miles of a deep, quiet stretch known as the Agua Muerte. 

Three and one-half miles below the mouth of the San Carlos, and 69 
miles from the lake, the company proposes to build the Ochoa Dam. 
the purpose of which, in conjunction with auxiliary works, is to hold 
back the waters of the San Juan and San Carlos and maintain the 
surface of Lake Nicaragua at not less than the elevation of 110 feet 
above mean sea level. 

Just above Ochoa the canal is to leave the river and go eastward on 
an independent line. 

With the Ochoa Dam raised to the proper height to sustain the higli 
lake level, the San Juan Valley will be flooded for the entire 69 miles 
upward to the lake, and become a part of the summit level, carrying 
the canal navigation. 

The Machuca and Balas rapids will thereby be drowned to a depth 
sufficient for deep navigation, but at Castillo some rock excavation in 
the river bed will be necessary, and still more at Toro. Trom Toro 
upward to the lake for nearly the entire distance of 27 miles the eleva- 
tion of the river bed is such as to call for almost continuous excavation 
to secure the requisite width and depth of channel. 

The materials to be removed are supposed to be rock^ bowlders, 
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gravel, clay, sand, and mud, in unknown proportions and practically 
unknown amounts. 

The company proposes for its channel section through these obstruc- 
tions a depth of 28 feet and a bottom width of 125 feet, with slopes in 
rock cutting of 1 :1 and in dredgeable material of 3:1. 

If 28 feet had been adopted as the standard depth, to which the 
several sections of the navigation should conform, there might be no 
compelling reason for making the river channel of greater depth, but, 
in fact, the company's project calls for 30 feet throughout, except in 
the river and in the two sea-level canals that connect directly with the 
harbors. 

No reason is assigned by the company for making these exceptions, 
and the Board considers them inexpedient as reducing by 2 feet the 
capacity of the entire system, and that the full depth of 30 feet should 
be carried through from sea to sea, as in better conformity with the 
present and prospective requirements of commerce and the integrity of 
the underta^ng. 

EspeciaUy is this the case where, as in the San Juan, much of the 
excavation is in rock and other hard material. 

The Board also considers that the proposed bottom width, 125 feet, 
for the river channel is insufdcient. 

The navigation conditions will be quite differentirom those in a canal 
between visible banks where the course of vessels is straightly guided, 
and where in passing one or the other can tie up. The deepened river 
channel will be submerged; it will carry whatever may be at times the 
maximum current, and must follow the windings of the valley through 
curves of greater or less radius. 

Furthermore, during flood the surface currents may not run true with 
the channel but at some angle with it; the visible surface width will be 
that of the flooded valley^ and for close steering vessels must rely upon 
buoys and such other artificial aids to navigation as may be provided. 

In such circumstances a bottom width barely sufficient to enable two 
deep vessels to pass in a canal is quite inadequate in an open river, 
and for safety a single vessel even would need to proceed with great 
caution to avoid grounding. 

In this connection some analagous data may be of service. 

(3olonel Childs in designing his canal for 17 feet depth made the bot- 
tom width 50 feet, but in the river the bottom width of cuts through the 
bars was to be three times greater, viz, 150 feet. For a canal 30 feet 
deep, with bottom width of 80 and 100 feet, the river channel, using the 
same proi>ortion, would be from 240 to 300 feet bottom width. 

For the 20-21 foot channel in the Great Lakes, through the St. Marys, 
St. Clair, and Detroit rivers, and the connecting waterways, intended 
for the use of vessels of less draft than that of war ships and ocean 
steamers, the minimum width of dredged waterway is 300 feet, and in 
bends and in difficult places this is enlarged to 400, 600, and 800 feet, 
those dimensions being determined by considerations of safety and 
reasonable speed. For continuing th^ lake navigation to tide water, a 
recently proposed ship canal, to have a depth of 26 feet, is designed 
with a bottom width of 300 feet. 

The Board therefore considers that the San Juan Elver channel sec- 
tion should be not less than 30 feet deep and 250 feet wide, broadening 
around bends to 300 and 400 feet, according to degree of curvature. 

There is no means of ascertaining, with any approximation to accu- 
racy, what may be the quantities and proportions of the materials to be 
removed^ whatever may be the cross section. 
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It appears that the canal compaDy has made no surveys or examiner 
tions of the 69 miles of river between Ochoa and the lake, with the 
exception of a partial survey by compass, which was laid aside as val- 
neless. 

The latest information, therefore, is that obtained by the Lull expe- 
dition in 1872, when a part gradienter and part spirit-level line was run 
and some soundings taken. The indications of the nature and dis- 
tribution of the materials composing the river bed, as furnished by the 
sounding lead and noted on the Lull map, constitute nearly all that is 
known in the matter. 

The company's tabulated estimates contain items of 398,613 cubic 
yards of rock excavation, 422,540 cubic yjirds of earth excavation 
above water (to straighten bends), and 2,150,900 cubic yards of dredg- 
ing, as representing the quantities involved in the deepening of the 
San Juan, and, upon inquiry as to the basis of these amounts, the com- 
pany submitted a profile stated to have been derived from the Lull 
survey, showing the elevation and arrangement of the materials in the 
bed. IJpon computation of the quantities indicated on the profile with 
the company's cross section, 28 by 126 feet, the amounts came out as 
rock excavation 1,424,000 cubic yards, and dredging 3,464,000. IS"© 
explanation of the discrepancy is given other than the supposition that 
some erroneous profile must have been used, of which there is no note 
among the company's records. 

Using the same profile as a basis with the increased cross section 
considered desirable by the Board, viz, 30 by 250 feet, the computed 
amounts are, respectively, for rock, 3,754,000 cubic yards, and for 
dredging, 8,526,000 cubic yards. 

These figures have, in fact, no valid basis^ as the profile furnished 
by the company is little more than guesswork, and it is not believed 
that the total rock excavation indicated will be required ; but they do 
show clearly how formidable may be the cost of a proper deepening of 
the San Juan, and how urgent is the necessity for a thorough and 
reliable ascertainment of the facts. 

The omission of the company to determine these seems inexplicable, 
especially in view of the statement made on page 3 of the final report 
by the chief engineer, corrected to January, 1890, as follows: 

Third. Local surveys have been made in the river San Juan at all places where the 
data on hand were deemed insufficient for a close estimate of the amount and cost of 
excavation needed, or to determine with reasonable precision the difficulties likely 
to be encountered in the construction of dams, embankments; or other works enter- 
ing as important factors in the general scheme. 

In the absence of better data, it still appears necessary to use the Lull 
profile as a basis for an estimate, with such modifications as may other- 
wise suggest themselves. 

Colonel Childs does not seem to have noted any rock in the river bed 
until near Toro Hapids,and the notes of the discarded compass survey 
made by the company give similar indications, so that the large rock 
excavation called for by the Lull profile may be much in excess. 

There is another point in this connection : 

The company assumes that the slope of the river surface, after being 
raised by the Ochoa Dam, will be three-fourths of an inch to the mile, 
the same as is ascribed to two of the quietest sections at low water, and, 
therefore, that the crest of the dam at 106 will hold the lake up to 110, 
with 4 feet of slope between the two. The Board has not been able to 
obtain any evidence of this assumed low- water slope, but this is not 
material, for the reason that, as elsewhere stated, the Board believes 
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that for a reliable maintenance of the lake level at 110 the crest of the 
Ocboa Bam must be so raised as to secure the same or a greater eleva- 
tion at that point also; in other words, that the water surface through 
the valley must be assumed as horizontal during the dry season. 

In such case, the slope disappearing with the raising of the Ochoa 
Dam, there would seem to be an opportunity for a considerable reduction 
in the depth of excavation needed at Castillo and from Toro upward, 
and a recomputation of quantities from this datum, with the additional 
assumption that from station 4150 on the profile, above Toro to the lake, 
no rock excavation will really be called for, would furnish the following 
figures: Rock excavation, 1,722,000 cubic yards; dredging, 8,285,000 
cubic yards. 

Unfortunately this reduction is not permissible, for the reason that, 
as shown in the discussion of ^< Maintenance of summit level,'' in order 
to prevent the lake from rising during the wet season to such a height 
as would involve heavy damages to improved property bordering on its 
shores, it will be necessary to draw down the summit level at Ochoa to 
such a point as to enable the river to discharge the threatening accumu- 
lations in the lake, and, therefore, the 4 feet slope, assumed incorrectly 
by the company as practicable at low stages, may oe imperative during 
high stages or, assuming the lake capable of control, during the season 
of heavy rainfall. 

The total quantities given by Table 4 (p. 130) must therefore be used 
until better information is available as a means of entering the amounts 
in the estimates. 

There are several bends in the river of such radii as probably to 
necessitate considerable straightening by cutting off projecting points, 
or the employment of special means for enabling large vessels to navi- 
gate them. There is no means of computing the amount of excavation 
required. The company's estimates contain an item of 422,540 cubic 
yards for this purpose, but the basis for this can not be ascertained. 
If this item be increased in somewhat similar proportion to the other 
data, it will appear in the provisional estimates as 1,500,000 cubic 
yards, which is entered as earth, although some of it may prove to be 
lock. 

The tabulated data are given in the sheet herewith. 

The disposition to be made of the large amount of material excavated 
from the river bed is a matter calling for careful consideration. 

According to a printed specification for dredge work, prepared by the 
oomx>any as a basis for inviting bids, it is to be ''deposited on the banks 
or in such places as the chief engineer may designate." 

If put ashore an extra cost adding largely to the estimates must be 
provided for, and it is doubtful if in the upper section, where the navi- 
gation is comparatively restricted and the excavation large, it will be 
prudent to dump it in the vicinity of the dredged channel and within 
reach of the river current. 

Possibly a jwrtion of the materials to be removed is such as may be 
used to construct training dikes parallel with the channel, behind which 
the sand or other lighter material could be placed, but details of this 
kind must depend upon a proper survey and ascertainment of partic- 
ulars. 

There is a discrepancy in the stated length of the river from Fort San 
Carlos to Ochoa that should be noted. As derived from Ohilds, the 
distance is 68.71 miles; according to Lull, it is 69 miles. The report of 
1885 and subsequent reports put it at 65.50. As no survey was made 
later than Lull's^ the earlier figures should be taken. 
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K8TIMATK8 OP EXCAVATION IN SAN JUAN RIYBR BBTWESN OOHOA AND FORT SAN 

CARLOS. 

Company's orots seoHon, 

[Depth, 28 feet. Bottom width, 125 feet. Slopes, rook, 1:1; diedgeahle material, 3:1. Slope of 4 feet 
assumed from Fort San Carlos to Oohoa.] 

Table 1,—In oompany'e estimatei. 

Cuhio yards. 

Rock excavation 398, 613 

Dredging 2,150,900 

Total * 2,549,618 

Table 2,—Ab aotually oampuiedfrom company's profile. 

Cahio yards. 

Rock excavation 1,424,000 

Dredging 3,464,000 

Total 4,888,000 

Table 3. — Board's cross section, 

[DeT)th, 30 feet. Bottom width, 250 feet. Slopes, rock, 1:1; dredgeahle matorlal, 8 : 1. Bottom width 
tncreaiBed in bends to ayerage of 350 feet. Slope of water surface assumed as above.] 



Rook. Dredging. 



Castillo cut, stotion 8825 to 8412 

Tore Rapids cut, statiou 3740 to 4150. . . . 
Above Toro Rapids, station 4150 to 5317. 



Ovb. yards. Oub.yards. 

mooo 

2, 076, 000 
1,555,000 



Total. 



8,754,000 



617.000 
8,009,000 



8,526,000 



Table i»— Computation as in Table S, vnth assumption oj no rock in river bed above 

station 4150. 



Rock. 



Dredging. 



Castillo out, station 3325 to3412 

Toro Rapids cut, station 3740 to 4150 

Above Toro Rapids, station 4150 to 5317. 



Ouh. yards. 

1^000 

2,070,000 



OuJb.yards. 



517,000 
9,646,000 



Total. 



2,199,000 



10,163,000 



Earili excavation required to out off bends. 

Cnbic yards. 

Company's estimate , 422,640 

Provisional estimate by Board 1,500,000 

LAKE NICARAGUA. 

The southeastern end of the lake, near Fort San Carlos, where the 
San Juan liiver leaves and the Frio enters, is a shallow expanse, 
deepening gradually with a flat bottom slope. The company's map 
indicates that the 30-foot contour of depth, with the lake at eleyation 
110, lies 14 miles offshore, and a ship channel of this length is to be 
dredged on a straight line, bearing about north 70° west from the San 
Jaan outlet. 

As proposed by the company, the channel will be 30 feet deep and 
150 feet wide on the bottom, with side slopes of 3:1. 

On this basis the company's estimated amount of dredging is 4,726,076 
cubic yards, but there is some error in this, as the amount stated oorre- 
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sponds more nearly to a bottom width of 125 feet, and the actnal 
amount as recomputed is much greater, viz, 5,646,000 cubic yards 
according to the company's profile, or 5,143,000 cubic yards according to 
the company's chart. 

For reasons stated in discussing the width of the river channel the 
Board is of opinion that the bottom width of the lake channel should be 
not less than 300 feet. The course of vessels, although straight, is in 
the open lake subject to such irregular currents as may exist in so large 
a body of water and to the action of the winds. The information on 
this point is that storms are infrequent, although squalls of no great 
violence or duration occur, and that the prevalent wind is moderate 
to fresh and a continuation of the east-northeast trade from the 
Caribbean. 

The proposed side slope of 3:1 is also quite inadequate. 

The material composing the bottom is on top a liquid mud, stiffening 
downward into harder mud or clay. The Board made soundings along 
the channel line from a point about 5 miles out in the lake, toward the 
San Juan outlet, and at intervals of about a mile took means to thrust 
along pole into the bottom, with the following results: At 5 miles out, 
depth of water 10 feet, depth of mud 8 feet ; at 4 miles, water 9 feet, mud 
9 feet; at 3 miles, water 8 feet, mud 9 J feet; at 2 miles, water 7 J feet, 
mad 9 feet, and at 1 mile from shore, water 6 feet, mud 11^ feet. The 
mad was noted as soft and gritless, a derivative of volcanic ash or the 
like, probably mixed with more or less vegetable matter. 

Such m.aterial as this could never stand at the submerged slope of 
3:1, particularly as the currents due to the action of vessels' screws are 
very destructive to channel banks. 

The closest analogy to work of the kind proposed is to be found in 
the dredging in Mobile Bay, where a ship channel of 24 feet depth, with 
a bottom width of 280 feet, has for many years been in course of con- 
struction, and the physical conditions are quite comparable with those 
in Lake Nicaragua. The Mobile channel has a total length of some 23 
miles, and the underwater slopes assumed by the different materials 
dredged through are as follows: Very hard sand, 3:1 and 4:1; hard 
sand, mixed with shell, 6:1 and 8:1; stiff mud, 8:1 and 12:1; soft to 
liquid mad, 14:1 and 20:1. 

The description of this soft mud, as given by the engineer officer in 
charge, to whom the Board is indebted for these and other particulars, 
" a thick soup underlaid by a stiff mud," is precisely applicable to the 
greater part of the Lake Nicaragua material. 

The Board therefore considers that an assumed slope of 10: 1 is a very 
moderate datum for computation. Using this, and a bottom width of 
300 feet, the quantity to be dredged according to the company's profile 
is 12,873,000 cubic yards, and as computed from the company's map 
11,724,000, an average of 12,300,000, and this is more likely to be 
exceeded than reduced unless some means be taken to maintain the 
channel banks from inflow of adjacent material. Sheet piling would 
do this, and reduce the cross section, but for so long a channel it would 
be a costly item, and it seems likely that this may be avoided by f'ollow- 
iog a Dutch practice and depositing the stiffer material excavated from 
the bottom of the cut so as to form a submerged wall or bank parallel 
with the channel which will crush down through the semiliquid mud 
and hold it back. Beyond this, half a mile or more from the channel, 
the softer mud can be pumped by means of hydraulic dredges. With 
this method of protection, however, it would not be prudent to diminish 
the cross section of the channel. 
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Channel dimensions and estimated quantities are given in the follow- 
ing table: 

Eatimaie of dredging in Lake Nicaragua from Fort San Carlos to the 30-foot contour mth 

the lake at no, 

COMPAIJY'S CBOSS SECTION. 
[Depth, 30 feet. Bottom width, 150 feet. Slopes, 3 : 1.] 



Company's 
estimate. 



Aotnal 
oomputa- 

tiOB. 



From compaDy's profllo. 
From Maxwell's chart . . 



Oubieyardg. 
4,726,076 



Average . 



Oubieyardt, 
5,645.000 
5,143,000 



5,400.000 



BOARD'S CROSS SECTION. 
[Depth, 30 feet. Bottom width, 300 feet. Slopes, 10:1.] 



Board's 
estimate. 



From company's profile 
From Maxwell's chart . 

Average 



Oubieyards, 
12,873,000 
11,724,000 



12.300,000 



Beyond the dredged channel the sailing course is through the open 
lake for a distance given by Colonel Ohilds as 56J miles to the west 
coast, Jeaving Balsillas Islands to the northward and the Solentiname 
and Senate groups to the southward, and passing about 4 miles to the 
southward of the island irom which rise the volcanoes of Madera and 
Ometepe. This island has a total length of 20 miles, its northwest end 
about 5 miles and its southeast end about 11 miles distant from the 
west coast, sheltering the canal entrance from north-northeast to east 
by south from the prevalent winds coming from about east-northeast. 

This continuation of the trade wind is represented to blow steadily, 
with a force from gentle to fresh, during the greater portion of the year. 
The strongest winds are said to be from the north and west of north. 
Their force can not in any case be great, as is proved by the endurance 
of the frail, half-filled timber cribs, the construction and condition of 
which was noted by the Board, which compose the landing piers at San 
Jorge, 4^ miles north of the canal entrance, and at Granada, near the 
northwestern end of the lake, 50 miles distant, where the exposure is 
about the same. 

Under the lee of the islands is an admirable harbor for vessels of all 
draft, with good holding ground and entire shelter. 

THE CANAL ENTBANCE ON THE WEST BIDE OF LAKE NIOABAaUA. 

The west shore of the lake is rocky, and considerable excavation will 
be required to carry 30 feet into the canal, the contour of that depth, 
with the lake at 110, lying about 1,000 feet from the shore line. The 
canal entrance is on the lee shore, and while the exposure is not great, 
it may be desirable to protect it by artificial works. The company 
proposed for this purpose two piers, starting from the sides of the 



Digitized by 



Google 



NIGABAGUA CANAL. 73 

canal, and extending into tlie lake on diverging lines to a length, 
respectively, of 1,800 and 2,400 feet, the entrance width at the outer end 
of the shorter pier being 600 feet. This fannel-shaped entrance is not 
desirable in circomstances of this kind as tending te accumulate such 
sea BS may be running shoreward, and the Board considers that it 
would be preferable to separate the piers at the shore ends, placing 
them 800 or more feet apart, and converging the extremities to about 
500 feet for the entrance width. These piers may be built of crib 
work, filled with stone derived fipom the local excavation, which is in 
ample quantity for that purpose. In addition to these, additional short 
guide piers of timber work, about 400 feet in length, would be required 
to sustain the canal banks where they pass through the shore line. 

The amounte estimated by the company are sufficient to cover the 
cost of the^e constructions. 

THE WESTERN DIVISION— LAKE NICARAGUA TO THE PACIFIC. 
LAKE TO TIDE LOCK I7EAE BRITO. 

The territory separating the lake and the Pacific has been quite thor- 
oughly explored in the course of the several surveys made at various 
times, and the Lajas-Eio Grande route, originally selected by Colonel 
Ghilds in 1850 and now adopted by the canal company, doubtless offers 
on the whole the greatest advantages. The country is open and rolling, 
with moderate elevations, and presents no serious obstacles to canal 
constmctiou. 

The canal line leaves the lake shore 000 feet north of the mouth of 
the river Lajas on a course south 60^ west up the valley of that stream, 
crossing the river four times within a distance of 1 J miles. For the 
greater part of this distance a new channel is to be made, to divert 
the river to the south side of the canal, and prevent interference with 
it. Westward of the last crossing, the river valley bears more to the 
southward, while the canal continues through an open country across 
a gradually ascending plain toward the summit of the divide. After 
some curvature, the summit is reached, 5 miles from the lake^ at an 
elevation of 154 feet above mean tide, or 44 feet above the summit level 
elevation 110, that is to be maintained in Lake Nicaragua, giving a 
maximum depth of cut of 74 feet. 

Passing the summit the line enters the drainage basin of the Eio 
Grande and meets the river at a distance of 7^ miles from the lake, at 
the head of a narrow valley or gorge, and thence follows the general 
course of the stream to the Pacific at Brito. This portion of the route 
is heavily timbered. In the gorge, which is 1^ miles long, the line is 
mainly in curves, with a minimum radius of 4,300 feet. Of the whole 
distance from the lake to the Pacific about two-thirds consists of tan- 
gents and one-third of curves, with radii of from 4,300 to 17,000 feet. 

The width of the gorge is insufficient to furnish separate accommo- 
dation for both canal and river. This complication led Commander 
Lull, in 1872, to seek a separate route, and he adopted a line which 
leaves Lake Nicaragua 3^ miles to the northward of the mouth of the 
Lajas, and, following the valley of the Medio and one of its small trib- 
utaries, crosses the divide with an elevation of 243 feet above mean 
tide, and then joins the Lajas line at the western end of the Eio Grande 
gorge. By this route the water of the river could be kept in its own 
channel by making a few cut-offs, but it had no other important advan- 
tage, whHe the depth of the divide cut and the amount of excava- 
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tion were much greater. The compaDy has adopted the Lajas line, 
returning to the Ghilds location. 

From the outlet of the gorge, two alternative routes have been 
located by the company — the earlier one continuing the canal to the 
sea, the other damming the Rio Grande 3 J miles from the Pacific for 
the formation of a large basin, which woiUd prolong the summit level 
4^ miles westward. 

By the first route, called the "low-level line,'^ the canal in excavation 
and embankment follows the right bank of the liio Grande through 
the gradually sloping valley to Brito, descending by four locks, placed 
at natural sites, or, in their absence, where the natural slope of the 
valley requires; the first lock (designated 4A), with a descent of 25 
feet, terminating the summit level, is placed in a hill at the west end 
of the gorge, 9.2 miles from the lake shore; the second lock (5A), with 
a descent of 30 feet, is placed in the valley at a farther distance of 1.6 
miles or 10.8 from the lake; the third lock (6A), also with a descent of 
30 feet, is 3.6 miles farther, or 14.4 miles from the lake; the fourth, or 
tide lock (7A), with a descent of 25 feet at mean tide, or 29J feet at 
ordinary low tide, is 2 miles farther, or 16.4 miles from the lake. The 
distance from the tide lock to the 30-foot contour in the Pacific is 1.3 
miles, and the total distance from the lake to this depth is 17.7 miles. 

West of the summit level the Rio Grande has no important tributaries 
on its left bank. On its right bank it receives the Tola, which has its 
sources some miles to the northward. The Tola is ordinarily an insig- 
nificant creek, quite dry at times, but its sources are in the, hills, and 
occasionally it becomes a torrent. Unfortunately it has never been 
gauged, and even its drainage area is not known; it is probable, how- 
ever, that its discharge is at times as much as 3,000 cubic feet per 
second, and possibly much more. 

The canal line as located crosses the Tola a short distance above its 
month, and the disposition of the fiood waters has been considered a 
matter of some difficulty; this apprehension, and the advantages which 
would result from the extension of the summit level toward the Pacific, 
with the formation of a wide basin in the valley of the Rio Grande, have 
led to the adoption by the company of the alternative "Tola Basin 
line." 

At a place called La Flor, 3.8 miles from the Pacific terminus and 
13.9 miles from the lake, the valley of the Rio Grande is narrowed by 
two steep hills to a width, on the valley floor, of 1,600 feet, at an eleva- 
tion of 40 feet above mean tide, and a width of 2,000 feet between the 
summit-level contours of elevation 110. The company proposes to build 
a dam at this point of sufficient height to raise the water to elevation 
110, thus extending the summit level, as already stated, to within 3.8 
miles of the Pacific, forming a capacious basin of some 4,000 acres in 
the valleys of the Rio Grande and Tola. This arrangement would 
facilitate navigation by substituting a basin for 4.6 miles of canal, and 
would solve the question of the disposal of the flood waters of the Tola 
by permitting their free discharge into the basin. 

As originally designed, the La Flor or Tola Dam, as it is indifferently 
known, was, like the Ochoa Dam, to be a '^rock fill," and to be con- 
structed in the same way, with a weir on the crest for the discharge of 
the Rio Grande drainage. 

This plan has been modified more recently by providing a solid con- 
crete core for the dam, backed with a stone and earth embankment on 
both sides, and locating a weir in the saddle of an adjacent hill. 

This weir is to discharge the drainage of the valley and, as the Board 
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is lately iBformed, abont 60 per cent of the surplus discharge of the 
lake watershed also. 

The question as to what disposition to make of the drainage during 
the construction of the dam or its masonry core has not yet been fully 
considered by the company. 

The La Flor Dam, per se, is a much more formidable construction 
than that proposed at Ochoa, in regard both to its volume and the head 
of water it ha« to sustain. The river channel cuts about 20 feet into 
the general surface of the valley, and the contour of elevation 20 feet 
above mean tide crosses its bed immediately below the site of the dam. 
Daring the dry season the river runs dry, and the surface of the ground 
water is below the bed, as would be the case also below an impervious 
dam. It follows, therefore, that the head of water against the dam 
wonld be ftilly 90 feet, and it hardly need be said that only the best 
material is admissible for the foundation of a dam under such a pressure, 
and where such vast interests depend upon its integrity. The founda- 
tion should be solid rock, free from fissures or seams, or, at the least, a 
core wall should be carried down into such material if accessible. 

In 1802 and 1803 diamond-drill borings, 26 in number, were made 
along the center line of the dam and at several points within 400 feet 
of it, with very discouraging results. A mass of sand, gravel, and mud 
was found on the center line extending 75 feet below the floor of the 
valley, or 35 feet below sea level; several borings passed through mjtte- 
rials below this level, reported as " coarse sand," " yellow clay," " clay 
and rock in layers," '' yellow clay and sandstone," etc., to depths reach- 
ing 150 feet below sea, and among other borings taken was one 400 
feet above the center line and close to the area to be covered by the 
dam, in which Ihe material, from 40 to 214 feet below sea, was ^'clay, 
sand, and pieces of rock," followed by 30 feet of "telpetate" (a soft, 
clayey, volcanic rock), and 54 feet of *' white clay with pieces of rock," 
and the boring was ended in this material, 208 feet below mean tide, or 
338 feet below the surface of the ground, without having encountered 
any solid material. 

If such are the facts, the Board deems the project of a 90-foot dam 
impracticable, and omits consideration of its construetion. It may be 
pointed out that, in any case, the advantages to be expected from the 
dam are no more than the substitution of 4.6 miles of basin for an 
equal length of plain canal and the disposal of the flood waters of the 
Tola, and these benefits are not of such magnitude or urgency as to 
justify an attempt to secure them at any such risk as the construction 
of the dam would involve. 

It should be stated that the unfavorable results of the borings at La 
Flor are in part, at least, recognized by the company, which, neverthe- 
leBSjis unwilling to abandon the plan of the dam and basin on the 
present evidence in the hope that additional borings may be more fav- 
orable. It is difficult to see what foundation there is for such a hope. 
The engineer who had charge of the borings was reputed to be, and his 
notes and report indicate strongly that he was, careful and competent, 
and the facts as observed and reported by him seem fatal to the plan. 
If the views of the Board are correct, a return must be made to the 
lov-level plan — a canal in excavation ancl embankment. The only seri- 
ous objection to the company's location of this relates to the disposal of 
the floods of the Tola. It would probably be necessary to receive this 
^ater into the canal and to discharge it over a weir at some convenient 
placeon the opposite side, whence it would pass into the Kio Grande. 
The eoirent in the canal caused by this flood would probably not exceed 
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1 foot per secoud, or seven-tenths of a mile per boar, bat there is some 
aucertainty about this, as the Tola has not been gauged, and its maxi- 
mum discharge is not known, and proper gaagings may show that it is 
underestimated. 

From examination of the topography the Board finds reason to believe 
that a canal line can be carried down the south side of the valley with- 
out any special difficulty, and so avoid all interference by the Tola. 

A map location indicates that the line will be shorter, and two or 
three diversions of the Eio Grande channel will keep the river entirely 
to the north of it. 

The cost is somewhat greater by reason of more excavations, but it 
may be worth this to be free of the Tola discharge. 

i3oth locations should be thoroughly studied and selection made of 
the better. With present information the Board prefers the southern 
route, and its estimate is made for that. 

If this modification were carried out it would be advisable to change 
the location of Lock 4A to a new site 500 feet southward; to build a 
weir at the former lock site, to discharge the water of the upper Eio 
Grande, and to close the remainder of the valley, here quite narrow, 
by a dam at the west limit of the summit level; the head of water to be 
sustained by the dam would be only 30 feet; it would be founded on the 
so-called ^^ t^lpetate," and have to be sunk well into it to make the founda- 
tion secure, but with the moderate head of water no great difficulty 
would be met. 

As the flow of the upper Eio Grande must be taken into the canal at 
the head of the gorge the effect on navigation of the introduction of its 
floods must be considered. 

The area of the company's standard canal section in' earth is 3,696 
square feet; the flow of the stream at high floods has never been 
gauged, and is not known. It was estimated by Colonel Ohilds at 
5,G70 cubic feet per second, but this may be exceeded. If this amount 
of water were to pass westward through the canal it would produce a 
velocity of 1.5 feet per second. If, on the other hand, no water were 
allowed to pass the weir at Lock 4A the river discharge would be com- 
pelled to find an outlet through the canal eastward into Lake Nicara- 
gua, producing a current of 1.9 feet per second or more in the divide 
cut, where the area of the cross section ^in rock excavation) is 3,000 
square feet. In that confined section this current would be undesir- 
able; but it is evident that the weir at Lock 4A can be so regulated 
under intelligent supervision as to cause a division of the discharge of 
the river at the head of the gorge, part going westward to the Pacific, 
the remainder eastward to the lake, and the current in both sections 
limited to so low a rate as to be harmless. 

The disposal of the water of the upper Eio Grande being thus pro- 
vided for, it seems unnecessary to carry out the company's project of 
diverting it by an expensive dam across the upper valley and the con- 
struction of an artificial channel and embankment across the dividing 
ridge into the valley of the Lajas and thence into the lake. 

The company's proposition to discharge through the canal into the 
Pacific a large part or any part of the surplus water of the lake water- 
shed would be objectionable for reasons above indicated; and, in gen- 
eral, the use of a canal as a drain should be avoided when practicable. 

For the first 1 J miles from the lake, where the canal line follows 
closely the general direction of the river Lajas, the average elevation 
of the ground is little above the proposed lake level. The company 
proposes to make this section 120 feet wide at bottom, for use as an 
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extension of tlie harbor and a passing place for vessels; bni it appears 
to the Board, as in the case of the canal from Grey town, that this width 
is insufficient for the meeting of two vessels and more than necessary 
for the movement of one. If a suitable passing place were formed at 
the west end of this section, long enough to receive three or four 
vessels, and the bottom width eastward to the harbor reduced to 100 
feet, the cube of excavation would not be changed materially, while the 
work would serve the purpose better. 

The material from the western crossing of the river Lajas to the 
eastern crossing of the Kio Grande, a distance of 6 miles, covering the 
west divide, is principally volcanic rock, of all degrees of hardness, 
from "telpetate'' to the so-called *< conglomerate.'' In a frosty climate 
"telpetate^ would disintegrate rapidly; even in the mild climate of 
Nicaragua it is found more or less disintegrated wherever exposed. 
Conglomerate is usually hard rock resembling trap, and while its exca- 
vation would be more expensive, the sides of a cut formed through it 
would be more permanent. Borings — 19 in number — have been t'lken 
with a diamond drill, at intervals of about 1,000 feet, through the heav- 
iest work; after passing through earth of an average depth of 12 feet, 
lock was reached and penetrated to the grade of canal bottom. The 
cores obtained by the use of the diamond drill would have been valua- 
ble if preserved and properly arranged, furnishing a complete record of 
the material passed through, but only a few of them, representing the 
harder rock traversed, are now to be had. Many cores were left on the 
ground, where fragments are still to be found, showing much disinte- 
gration. 

The company's standard canal cross section, in rock, has vertical 
sides from the bottom to 10 feet above water, where there is a berm of 
5 feet; above this the slope is 1 horizontal to 5 vertical. 

Considering the nature of the rock, it seems probable that these 
slopes can not be maintained throughout the cut, and in such case the 
amount of excavation will be greater than estimated,' but in the absence 
of more definite information there is no means of providing for what 
may prove to be the necessary increase except by a more liberal allow- 
ance for contingencies. 

. In the estimate of 1890 the company assumed that all of the locks 
of the western division would be founded on rock, but borings made in 
1892, at the site of the tide lock, showed a deposit of mud of unknowu 
depth extending at least 37 feet below lock bottom, and in the estimates 
of 1895 an additional sum of $250,000 is entered for foundations. A 
less difficult site can without doubt be found. At the site of the 
second lock from the lake, on the low-level line, no borings have been 
taken except with an earth auger, and the existence of rock at the 
elevation reported Is doubtful. Bock of some kind has been found at 
the remaining sites on both lines. 

It is believed by the Board that the arrangement of locks proposed 
by the company, which gives the smnmit lock a lift of 25 feet, while the 
tide lock has a lift of 29^ feet, should be changed. In locking down to 
the sea level certain disturbances caused by difference in specific gravity 
of salt and fresh water will delay the operation of the tide lock, and it 
will be judicious to reduce its lift. The Board, therefore, would modify 
the project to give this lock a lift of 24^ feet at mean low tide, the three 
others having 30 feet each. There results a considerable increase of 
excavation in all the levels between the summit and tide locks, the cost 
of which is belived to be justified by the increased efficiency gained. 

The company, for some reason not stated, has left the depth in the 
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canal between the tide lock and Brito Harbor at 28 feet, although the 
canal above the lock and Brito Harbor itself are to be excavated to 30 
feet The exception made is inexpedient, and the fall depth shonld be 
made continaous and provided for in the estimates. The Board's esti- 
mates include this. 

It is proposed to place a guard gate in the divide cut to shut off the 
water of the lake, should it be desired at any time to draw the levels 
to the westward. There are no detail drawings or computations for the 
gate, and the company's estimate of its cost is entered in the schedule. 

A single-track narrow-gauge railroad is provided from the lake to 
Brito for the transportation of supplies, etc., and particularly for con- 
veying stone from the west divide to the breakwater at Brito Harbor; 
no sidings, stations, machine shops, or other necessaiy adjuncts are 
included. The Board has no doubt that a double-track standard-gauge 
railroad will be required and should be provided, with the common and 
necessary facilities for operation and maintenance, and has increased 
the estimate accordingly. 

BRITO HARBOR. 

The Pacific terminus of the canal, as originally selected by Colonel 
Ghilds in 1852 and adopted by the Lull expedition in 1872 and later by 
the present canal company, is at Brito, where the alluvial and heavily 
timbered valley of the Rio Grande reaches the coast line. 

The ranges of hills confining the valley run to the shore and form head- 
lands about 1^ miles apart, connected by a straight stretch of sand beach 
having a compass direction about east-southeast. The westerly head- 
land projects some 1,600 feet into the sea as a bold, rocky promontory, 
under whose partial protection from the heavy pounding of the surf the 
river discharges with a width of 100 feet and a low-water depth through 
the sandy foreshore of 2 feet, the range of the tide reaching to nearly 
9 feet. 

Examination of the sea chart shows that the general trend of the 
Nicaraguan coast line is northwesterly, and that the offshore slope of 
the ocean floor is quite decided, a depth of 24 fathoms being reached 
abreast of Brito at about a mile from the land and 34 fathoms at some- 
thing over 2 miles. 

Eight miles down the coast, southeasjbward from Brito, is the small 
natural harbor of San Juan del Bur, and 12 miles farther the bay of 
Salinas deeply indents the coast line. 

About 27 miles due south from Brito is Oape Ste. Elena, the terminus 
of the large promontory that partly shelters Brito and the intervening 
coast from the southward. 

The main exposure of Brito from the sea, therefore, is through the 
arc between south-southwest and west-northwest, and the proximity of 
the deep-sea contours, with the full width of the Pacific beyond, renders 
the possibilities involved in this exposure quite as formidable as at any 
point on our own coasts where the construction of harbors and break- 
waters has been undertaken. 

Either San Juan del Sur or Salinaa offers much greater natural 
advantages as a harbor, and the several canal exi)lorations sought 
vainly to connect one or the other with the lake, but found the interven- 
ing elevations of the coast range too great and the descent pn the Pacific 
side too precipitous. 

The exigencies of canal construction and water supply for summit 
level were controlling considerations, and seemed to leave no choice 
but to make the best of Brito as a terminus. 
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Portnnately the prevalent winds are off shore in continuation of the 
northeast trades across the isthmus, and the indications are that storms 
from the area of exposure are comparatively infrequent, but the long, 
heavy swells of the Pacific run shoreward in the calmest weather and 
produce a nearly constant surf with breakers from 4 to 10 feet and over 
in height. As is the rule where the action of special storms is absent, 
the general direction of wave approach is normal to the shore line, and 
therefore the alignment of any breakwater or covering work designed 
to protect the harbor from sea action should be approximately parallel 
with the shore, and its development such as to shield the entrance as 
effectually as may be, without making it unduly narrow or tortuous. 

Furthermore, the passage should not be too close to the beach, as, 
with long high waves, the send of the sea is an element of danger in 
too contracted a fair way for a vessel entering at an angle with the 
wave course. 

The earliest plan for a harbor at Brito was that of Golonel Ghilds, as 
published in his report of 1852. He was an expert canal engineer, but 
took occasion to excuse himself for such defects as might be found in 
the harbor plans on the ground of lack of experience in designing 
works of this character. 

The entrance, 400 feet in width, with a depth of 27 feet at mean tide, 
was protected on either side by rubblestone and masonry piers, one 
extending from the shore line, the other from the adjacent rocky prom- 
ontory, and the harbor was to be constructed by excavating into the 
land with a right-angled bend after passing the shore line, to a distance 
of two-thirds of a mile from the entrance. 

The harbor area, with a depth of 17 feet at low water, for which the 
navigation was designed, was some 35 acres, with a total water area of 
about 50 acres. 

The principal technical defect in this project is that the entrance 
opens directly seaward, nearly on the line of wave approach and maxi- 
mum exiK>snre. 

With the open mouth, the harbor as desigiied, even in ordinary circum- 
stances, would be in a state of chronic agitation, the operation of the 
tide lock, although two-thirds of a mile inland, would be seriously 
interfered with, if not endangered, and a heavy storm would probably 
destroy the harbor works entirely. 

Colonel Ghilds considered that with the limited area it would be 
inadvisable to permit the Rio Grande, with its variable flow, to discharge 
through the harbor, and therefore made provision for a separate artificial 
channel to the eastward. 

The estimated cost of the harbor project, including wharfage, crib 
work, lights, and other necessary constructions, as also an item of $8,000 
for the diversion of the river, was $2,700,000. 

The harbor as designed in the 1874 report of the Lull expedition 
was an improvement upon Ghilds's, so far as the entrance was concerned, 
a breakwater 1,000 feet in length, as shown on the plan, or 1,200 feet 
as stated in the text, being projected southeasterly from the end of 
the promontory across the harbor front, with an auxiliary jetty extend- 
ing 350 feet perpendicularly from the beach well under cover of the 
main work- The total water area measured shoreward from the break- 
water was to be about 80 acres, of which 36 would be excavated out of 
the land, and the harborage with a depth of 26 feet would be 67 acres. 

Two serious defects were introduced. The entrance width of 1,100 
feet was too great, and, notwithstanding the shelter of the breakwater, 
would admit heavy seas, involving excessive agitation in all parts of 
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the basin, and the tide lock placed at the back of the harbor was only 
a quarter of a mile from the entrance^ and its operation and security 
would have been impracticable. 

The cost of the harbor and adjuncts, including $9,500 for the diver- 
sion of the Eio Grande, was $2,347,000. 

In a valuable paper printed in the annual report of the Coast Survey 
of 1874, which gives most of the few known physical data relative to 
the harbor, Prof. Henry Mitchell, discussing these conditions, urges 
that the harborage for a 26-foot navigation was too restricted; that 
with the works as proposed the 10- foot sea observed by him would create 
a 5-foot sea inside, and recommends a deeper extension into the land, 
and the construction of a double basin in order to secure more accom- 
modation for vessels and greater tranquillity at the canal entrance. 

The plans of the canal company are intended to provide for 29J feet 
depth, and the excavations and dredgings in the harbor are to be made 
to this depth below low water, equal to 34 feet below mean sea level, 
the datum plane of reference. 

On two points Professor Mitchell's suggestions have been followed* 
The harbor area has been increased 50 per cent — ^from 67 to 103 acres — 
and the tide lock has been moved inland along the line of the canal to 
a distance of over a mile from the shore line, but the defects of the Lull 
entrance have not been corrected, and, in some respects, have even been 
increased. 

The entrance has been narrowed from 1,200 to 800 feet, which dimen- 
sion, in view of the sea exposure and prevalent wave action, may be 
regarded as judicious, by increasing to about 800 feet the length of the 
auxiliary shore jetty that limits and protects the harbor on the east 
side, but in order to gain harbor space this jetty has been moved bodily 
200 yards or more eastward down the beach, and at the same time, as 
an offset to the lengthening of the jetty, the breakwater projecting from 
the promontory has been shortened to 900 feet. 

The effect of these two changes is that the main work no longer over- 
laps the entrance and reflects the advancing waves, but for a width of 
about 200 yards measured transversely to the line of wave approach 
permits a free run of the sea directly into the harbor. 

Another grave defect is to be noted. As originally designed, the har- 
bor lines to the westward were curved back nearly to the river bed, 
skirting the hills on that side, but some earth-auger borings made in 
1888, and at various points of the area to be dredged, disclosed the 
unwelcome fact that extending out from the rocky spurs nearly to the 
middle of the harbor and directly opposite the entrance the rock lay 
from 9 to 16 feet only below the surface of the ground. As the removal 
of this submerged rock to 34 feet below mean sea level would be a 
costly matter, the harbor lines were drawn in so as to exclude it alto- 
gether. This diminution in harborage is undesirable, but the more 
serious aspect of the matter is that, with an entrance two-thirds oi>en 
to the sea, and depths of 30 and 40 feet at low and high water, a vessel 
seeking entrance would find itself confronted with a rocky shore less 
than 1,200 feet distant, upon which a heavy surf was breaking. 

It is quite certain that these are conditions incompatible with the 
sense of security and freedom from apprehension of peril that the mas- 
ter of a vessel should feel in bringing his ship into port. 

Either the submerged reef must be removed altogether, or the plan 
of the harbor be so modified as to make its removal unnecessary, at 
least for the present. 

In any case the main protecting work must be so extended as to 



Digitized by 



Google 



NICARAGUA CANAL. 81 

cover the entrance, and, since tliis is to be done, it may be expedient 
to lengthen the breakwater sufficiently to enable the entrance to be 
shifted far enough eastward to obviate the immediate necessity of 
excavating the rock. 

l^e cost of the harbor, according to the latest estimate by the com- 
pany, is put at $1,720,000. The amount of rock contained in the sub- 
merged reef to 30 feet below low water may be roughly inferred from 
the scantv boring data at about 500,000 cubic yards, which would eost 
perhaps $2,500,000 or $3,000,000 to remove. This sum would equal 
the entire cost of a properly designed breakwater, and its expenditure 
for that purpose be productive of much greater benefit than if applied 
merely to interior excavation. 

A preliminary project to accomplish the several necessary ends is 
indicated on the accompanying plan. The breakwater is extended to 
3,600 feet in length, parallel with the beach, and terminates in 10 fath- 
oms, a depth by no means unusual in deep-sea constnictions of this kind, 
and not to be avoided in the present case. 

The shore jetty, with a length of 800 or 900 feet, reaches the 6-fathom 
curve and leaves an entrance 800 feet in width protected from any 
bearing west of south, and vessels may enter on a north-northwest course 
with an adequate margin of safety from the heads of the works on each 
side. 

The area of deep dredging to 30 feet below low water, for the present 
at least, may be limited, as shown, to 100 acres, leaving the remainder 
of the area protected by the breakwater to be excavated later, if found 
desirable. 

It la not beheved that entire quiet will be secured in the basin, since 
the advance and recession of the wave action from the ocean surface 
adjacent to the entrance must in part be transmitted inward, and, in 
order to secure such tranquillity as is desirable for vessels lying at a 
wharf, whether for repairs, for coaling, or handling cargo or ballast, or 
waiting lockage, and for the security of the tugs that will lie in the 
harbor in readiness for service, an inner basin is provided, with a length 
of 2,400 feet and a width of 400 feet. The inner basin has a narrowed 
entrance from the outer basin, and the canal line passes directly 
through it, leaving a free passage with space on both sides for station- 
ary vessels. 

This project is regarded as substantially in conformity with the gen- 
eral conditions of the locality so far as they are at present known and 
understood, but must, as to details, be considered tentative and pro- 
visional. 

The information available is not sufficient to enable final plans and 
estimates to be made. 

The borings made under the company's directions are too few in num- 
ber and of too little penetration to determine the underlying materials 
within the harbor limits. None of these reached the projected bottom 
of the harbor, and the actual distribution of materials and particularly 
the extent of necessary rock excavation are not known. 

In addition to the borings, which should thoroughly explore the areas 
in question, so as to leave no doubt as to the nature and disposition of 
the submerged materials, and so form a basis for a reliable estimate for 
construction, other information is needed for the preparation of a final 
and satisfactory project. 

None of the charts of the harbor, since that of Childs, give the plane 
of reference to which the soundings are reduced, and a doubt exists as 
to the actual position of the contours. The hydrography should be 
H. Doc, 279 6 
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revised and extended to include the vicinity of the harbor on both 
sides, observations of waves and currents should be made, and some 
data obtained as to the direction and force of the winds, and partica- 
laily those of such storms as are liable to affect the harbor. The ocean 
bed, where it is proposed to build the breakwater and jetty, should b6 
investigated in order to estimate the depth to which the rock masses 
would sink, and so increase the total quantity required. The Board's 
hypothetical estimate assumes a subsidence of 6 feet, but this may be 
exceeded. 

The character of the rock constituting the adjacent promontory 
should be definitely ascertained in order to det-ermiue if it is suitable 
for breakwater construction in the large masses requisite in this case. 
The earlier projects used this rock, but in his paper Professor Mitchell 
expressed a doubt as to the expediency of doing so, and the company's 
project takes the rock from the western divide, which is believed to be 
of tougher texture. 

It may be that thorough investigation would show that neither mate- 
rial would possess the requisite endurance or be economically procurable 
in blocks of the necessary weight to resist the tremendous pounding to 
which they would be exposed, and that the construction of massive 
concrete blocks to cover the surface would be required to secure 
proper stability, in which case the estimates would need considerable 
modification. 

Gaugings should be made of the Eio Grande, observations of its 
varying stages and volume, the duration of its floods, and the velocity 
of its flow, in order to determine if the river can be permitted to dis- 
charge through the harbor, or if it would be expedient to construct a 
separate channel for it — not altogether a simple task, since it must 
discharge through a sandy beach and into a heavy surf. 

The company's estimate makes no provision for anything beyond 
actual harbor construction, with the exception of an item of $12,500 
for lights and buoys, which is obviously insufficient. 

Considering the character and extent of the commerce invited to use 
the canal, the length of voyage to reach it, and the nature of the locality, 
nothing less than a light of the first order established on a promontory 
would be suitable, and this as a coast light would need to be supple- 
mented by pier-head lights on each side of the en trance. A pair of small 
range lights at the head of the harbor to mark its axis and sailing line 
would also be required, and a lino of buoys to mark the western limit 
for deep navigation. The inner basin and its connection with the outer 
basin will also need lights. 

There should be some provision for wharves. Vessels making long 
ocean voyages are always in need of repairs, refitting, coaling, supply- 
ing, etc., and even if all that is necessary in this respect is not fur- 
nished, there should at least be wharves where vessels may lie, a 
machine shop for repairs, and other similar arrangements. 

ADDITIONAL SURVEYS AND EXAMINATIONS. 

Somewhat frequent reference has been made in this report to the 
need of more specific information before a satisfactory final estimate of 
cost of the company's project can be prepared. It may be desirable to 
give a summary of the several items with reference to their localities. 

1. Brito Harbor. — The harbor should be surveyed, its hydrography 
ascertained, the coast line for a mile on each side located, and explora- 
tion made of the ocean bed to ascertain the probable depth to which. 
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ihe stone dexK)8its for breakwater construction would sink. The bor- 
ings made by tbe company witb an earth auger inside the shore line 
report indications of rock. These may be in error. Kew borings 
should be made by which the nature of the subjacent material can be 
Mly ascertainedy in order to determine what kind and quantity of exca- 
Tation is necessary, and should a large amount of rock be found, the 
harbor should be moved southeasterly, as has been indicated on the 
map in the position representing the Board's present judgment as to 
location. 

2. Western division. — A new location is necessary from the summit 
lock, 9J miles distant from the lake, to the Pacific, following the left 
bank of the Bio Grande instead of the right bank, according to the 
present line. It is believed that such a line can be located, not differing 
greatly in cost from the other, by which the crossing of the Tola and 
La Flor creeks on the north side of the valley can be avoided, as well as 
the diversion of the upper portion of the Eio Grande, which is regarded 
by the company as necessary to avoid interference with the canal. The 
left-bank line in question is indicated by a dotted line on the Western 
division map, which accompanies this report. 

3. Lake Nicaragua. — ^The sailing line from the mouth of the Lajas, 
on the we«t shore, to Fort San Carlos, at the San Juan outlet, should be 
sounded out and the route mapped by triangulation across the lake, 
using the adjacent islands as stations. The entrance on both sides 
should be carefully developed by soundings, and the materials to be 
excavated definitely determined. The area between Ometepe Island 
and the canal entrance should be fully surveyed, as it is the natural 
harbor for vessels lying at anchor. 

4. San Juan River. — The improvement of the San Juan constitutes 
one of the most costly items of the entire project, and the information 
available for defining the channel improvement and estimating quan- 
tities of the several materials is extremely scanty. No survey of the 
river has been made since that reported by the Lull expedition in 1872. 
No explorations of the river bed have been made, and little is known of 
its constituent materials. Borings are necessary, particularly in places 
where rock is known or suspected to exist, and the investigation should 
also keep in view the ascertaining of how best to dispose of the surplus 
excavations. Below Machuca Eapids thorough exploration should be 
made for an eligible dam site as a substitute for that of the present 
Ochoa Dam, and below the San Carlos similar investigation should be 
made as far down as to include the region of the Serapiqui. As will 
be noted hereafter, the survey of the river should be continued down 
ward, including exploration for low dam sites to below the outlet of 
the San JnaniUo, with a view to the possible canalization of the river 
to that point. 

While in Nicaragua the Board took occasion to make a preliminary 
investigation of this kind, and the results indicated in the accompany- 
ing report by Mr. P. P. Davis are not unfavorable to the possibility of 
finding a practicable line by which the flow of the San Juan could be 
checked in that vicinity. The report has value otherwise as giving 
some idea of the practical difficulties of surveying in those regions. 

5. JBastem division from Oehoa to Oreytotcn. — ^The topographical 
work by the company for the location of the eastern division along the 
line adopted has been thoroughly done, and little more work of this 
character is required; but while topography is an indispensable basis 
for canal location, it constitutes the groundwork merely, leaving vitally 
important hydraulic and other data to be gathered and studied before 
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final location and construction plans can be decided. Alternative plans, 
too, where such suggest themselves, must be investigated with equal 
thoroughness for comparison and selection. 

The flowage line of the San Francisco basins on the north side of tie 
canal route should be completed, and the water sheds of the several 
streams measured. A new location should be made for the sea-level 
canal from Lock 1 eastward, avoiding the Benard Lagoon and cutting 
off a bend of the lower San Juanillo, in order to ascertain its compara- 
tive advantages with that of the present location. In other respects 
than the topography the company's data are insufficient. There have 
been no borings over a portion of the sea-level canal, and no explora- 
tions made of the depth and other difficulties to be apprehended in the 
endeavor to traverse the Benard Lagoon. 

In the eastern divide the borings are 1.000 feet apart on the axis of 
the canal line only. The cores furnished oy the diamond drills having 
been lost, the borings should be repeated at more frequent intervals, 
and additional borings made aJong the side lines of the canal for the 
better determination of the materials and what should be the proper 
slope to be given them. Wherever bad or doubtful material is found 
the borings should be multiplied to ascertain its limits, and samples of 
all materials should be carefully preserved, not only to verify the judg- 
ment of the engineer in local charge of the boring party, but for the 
later information of contractors who may be invited to submit proposals 
for the work. Some of the embankments in the San Francisco basins 
traverse mud bottoms of unknown depth. These should be fully 
explored for the preparation of construction plans and specifications. 
All streams, large and small, that may affect the construction and 
maintenance of the canal should be gauged and their volume and 
regimen determined as fundamental data by which to determine the 
levels and proportions of the work. 

But aside from these particulars, which are essential to the proper 
estimation of the company's project, the entire matter of the choice of 
route for the eastern division should be reexamined. The cost of the 
most exhaustive suryeys is small in comparison with that of an impor- 
tant error in location. The feasibility of the 1852 project of Colonel 
Ghilds for slack- water navigation of the San Juan has not been ques- 
tioned for that portion of the river lying above the mouth of the San 
Carlos, but below that point it appears more doubtful on account of 
the sandy nature of the San Juan bed. This sand is of volcanic origin, 
and has been brought down in large quantities by the San Carlos from 
the volcanic range in Costa Eica, where that river has its sources. The 
original supply of sand has been intermittent in character and variable 
in amount, and for some time past has been suspended entirely. The 
indications are that the sand movement is small at the present time, 
and there is reason to believe that the period of volcanic activity in 
this region is past. Could this be made reasonably certain, the main 
objection to a slack-water navigation between the mouth of the San 
Carlos and the mouth of the Serapiqui would disappear and the project 
would present many advantages. Two or three dams of moderate lift 
would be required below the San Carlos, and the surveys for this pur- 
pose would include not only the sites for dams, but the stretches of 
river between them where excavation of the sand bed would be required 
to deepen the channel. It will also be necessary to make a thorough 
examination of the comparatively unexplored region lying south of the 
San Juan between the eastern ridge of the San Carlos and th^ eu^tcru 
Bide of the SerapiquL 
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In 1872 Commander Lull adopted the Childs plan with minor varia- 
tions from the lake to the San Carlos Eiyer, and at this point his line 
left the river channel and continued down the left bank to near the San 
Juanillo. This route has been objected to as subject to overflow by 
floods in the San Juan and serious interference from the discharge of 
the San Francisco and other streams entering the San Juan within 
these limits, but as none of these rivers has been gauged to ascertain 
its regimen it is not known how serious this interference may be or if 
practical means can not be found to avoid it. The canal company has 
made a partial investigation of an alternative route below Ochoa, keep- 
ing at first farther from the river than Lull's line, but presently joining 
it. This location continued the use of the Ochoa Dam and the embank- 
ments of the San Carlos Eidge, but avoided the San Francisco embank- 
ments and the east divide cut. In view of the great cost of these 
constructions and the danger involved in the maintenance of great clay 
embankments subject to injury for militaiy purposes or from malice, 
the alternative possibilities should be fully investigated prior to reach- 
ing a conclusion as to what route on the whole should be regarded as 
most expedient 

The examinations indicated will require for their satisfactory execu- 
tion the employment of several well-equipped parties for a period of, 
say, eighteen months, in order to include at least two dry seasons, the 
amount of time required being affected by the fact that by reason of 
the constant rains, the heavy forest growth, and the topographical 
difficulties of the country less work can be accomplished in Nicaragua 
with the same time and the same force than in the United States. 

In addition to the particulars above recited, observations of rainfall 
should be made over the entire route of the canal from Greytown to 
Brito, probably at the following points: Brito; the mouth of the Lajas, 
on the west side of the lake; Fort San Carlos, on the east side; at Toro 
Rapids, Castillo, Machuca, Ochoa, mouth of the San Francisco, Sera- 
piqni, and on the east divide. The observations would cost little, as 
they could be made in connection with other work. 

The examinations indicated are regarded as essential to the compre- 
hension of those fundamental features of the problem which shall decide 
the final location and cost of the canal. 

A preliminary estimate of the cost of the surveys, with a suitable 
staff and equipment of instruments, with boats and launches and a 
small river steamboat for facility of transportation! reaches the aggre- 
gate of 9350,000 as the amount required. 

CONCLUSIONS. 
BASTEEN DIVISION. 

1. Qreytown Harbor, — The entrance to the harbor as proi)08ed by the 
company is too near the angle of the coast line, and, as is indicated on 
the accompapying map (PL XVIII), should be moved eastward about a 
mile and a half, the present lagoon to be used as the inner harbor and 
connected with the entrance by a canal with a bottom width of 200 feet. 
The harbor throughout should be dredged to 30 feet below low water, 
and its depth increased to fathoms at the entrance. 

2. Canal, Oreytown to Loclc N^o. 1. — ^A bottom width of 100 feet with 
a dear depth of 30 feet at low water, and two intermediate and one 
terminal siding for meeting of vessels, is preferable to the company's 
exo&s section of 120 feet bottom width, 28 feet depth, and no sidings. 
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The location of the canal through the Benard Lagoon is objectionable, 
and the line may probably be moved to the southward and straight- 
ened, with advantage. 

3. Lock No, 1 to end of summit level at Lock No. 3. — ^To reduce the 
lift of locks and dams in the Deseado Valley, four locks of a maximum 
lift of 28 feet are preferable to three with maximum lift of 40 feet, as 
proposed by the company, particularly in view of the increase of the 
summit-level elevation from 106 to 110 feet above sea level. The com- 
pany's cross section of the canal between locks has a bottom width of 
120 feet. As indicated in paragraph 2, the Board believes that the 
width of 100 feet with sidings at proper intervals should be adopted. 

4. Eastern divide cut — Additional borings on the axis of the cut 
and parallel therewith, to cover proposed excavation, are, necessary 
for information as to materials and their distribution. The vertical and 
^ to 1 slopes proposed by the company may have to be increased, and 
the cube thereby somewhat enlarged. 

5. SanFrancisco basins. — ^The proposed basins between the east divide 
and the San Juan River at Ochoa involve long lines of heavy embank- 
ments in clay, traversing deep mud bottoms at some points, which will 
call for great care in construction. The width of the connecting chan- 
nels now fixed by the company at 80 feet might be increased to 100 
feet, to correspond with that of other sections, but this is not impera- 
tive. The height of all embankments should be raised to provide for a 
water-surface elevation of 110 or more instead of 106 as proposed by the 
company. Considering the large number of these embankments, the 
heavy rainfall to which they will be exposed, and the high head which 
many of them will sustain, the accumulated risk will l^ considerable 
and their maintenance will require special vigilance. 

The Board deems it proper to make note of the facility with which a 
breach might be effiw^ted at any point of the long series of embankments 
employed in connection with the canal project, either for military pur- 
poses in time of war or at the prompting of a malicious intent. 

LAKE AND BIVEB DIVISION. 

6. Ochoa Dam, — Thorough search should be made in the vicinity of 
the site now proposed for the Ochoa Dam for the most advantageous 
location of the structure, and the full nature of the foundations and the 
shore connections be exhaustively ascertained. As projwsed by the 
company, the dam is to be a rock fill across a powerful river, on a sand 
foundation. A dam so constructed has no precedent, and its erection 
in conflict with the unknown volume of the floods presents grave diffi- 
culties. Its total dimensions and cost can not be reliably computed 
with the present data. A masonry structure would be preferable, if a 
suitable foundation could be discovered, and its cost not be prohibi- 
tory. It is believed that a rock-fill dam could be built after careful 
study of the physics of the river and the geology of the site; but, in 
order to do this, and, later, provide for a due regulation of the water 
level, it may be expedient to build sufficient sluices in the San Carlos 
Hidge to relieve the dam while under construction. The use of the 
dam as a weir is regarded as inadmissible, and its height must be such 
as to enable the surface level to be maintained at an elevation of 112 
feet above the sea, or possibly higher. 

7. San Carlos Ridge. — If sluices are not constructed in the ridge capa- 
ble of diverting the full volume of the river in flood, weirs in suitable 
positions on the crest line will be necessary, and an elaborate system 
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of movable dams should be provided, the object being to maintain the 
lake snmmit level elevation at not less than 110 feet daring the diy 
season and to limit its use during the rainy season to such height as may 
be necessary to avoid excessive damages for submergence of lands. 

8. San Juan River, Ochoa to lake. — The river should be thoroughly 
surveyed and leveled throughout, and observations made for at least a 
calendar year to determine its varying slopes, volume, surface elevation, 
and regimen. Full explorations should be made of the river bed by 
borings or other suitable means to determine the materials to be exca- 
vated, both for channel improvement and to cut off bends for reduction 
of carvature. The channel should have a bottom width of not less than 
250 feet, enlarged to 300 or 400 feet in bends, in lieu of 125 feet, and the 
deei)ening should be to 30 feet, instead of 28 feet as i)roposed by the 
company. 

9. Lake Nicaragua. — The area and regimen of the lake should be 
determined and the extent and approximate value of the lands that 
would be overflowed at elevations 110 and 115 ascertained. The 14 
miles of excavated channel on the east side should have a bottom 
width of not less than 300 feet, instead of 150' as proposed. 

WESTERN DIVISION, LAKE TO BRITO. 

10. The L%ias-Bio Grande route, adopted by the company, to connect 
the lake with the Pacific, is preferable to any other that has been exam- 
ined. The information with reference to the site of the proposed La 
Flor Dam indicates that its construction is impracticable, and an alter- 
native low-level route, which offers no special difficulties in construction, 
avoids any necessity for it. This alternative line may follow either 
the right or left bank in the Eio G-rande YaUey from a point 9.2 miles 
distant from the lake, which would constitute the western limit of the 
summit level. The northern or right-bank route has been located by 
the company. The southern or left-bank route should be fully located 
and bored to determine its relative merit. It has the advantage of 
avoiding complication with the discharge from the Tola watershed and 
the cost of diverting the Upper Eio Grande, and the disadvantage of 
reqoiiing more diversions of the Bio Grande in the main valley. 

11. Brito Harbor. — ^The exi)0sure to the full force of the Pacific seas 
in the deep water close at hand calls for protecting works of adequate 
magnitude and power of resistance. A large extension of the break- 
water is required for the protection of the entrance, and the borings 
and other considerations indicate the desirability of moving it south- 
eastward from the location proposed by the company. The site should 
be fully explored with reference to the subsurface materials. 

aENEBAL. 

12. All locks should have a width of not less than 80 feet if the navi- 
gation be intended to provide for the passage of war vessels and for 
fiiture developments in the case of commercial vessels. The U. S. S. 
Iowa and others of the same class have a beam of 72 feet 3 inches, and 
still others are now contemplated with a beam of 75 feet. 

13. All streams affecting the canal route should be gauged to ascer- 
tain their regimen, and in particular the regimen of the lake and the 
San Juan and San Carlos rivers should be carefuUy determined. 

14. Rainfall observations should be made at several consecutive 
points over the entire route from Greytown to Brito. 
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15. Tbe construction of the eaatern division on tlie line proposed by 
the company is feasible, but in view of the risks involved in the main- 
tenance of the numerous dams and embankments the final adoption of 
any route is inexpedient until all alternative routes shall have been 
fully investigated and compared. 

16. Full explorations for alternative routes in the eastern division 
should include the so-called low-level line on the left bank of the San 
Juan to the San Juanillo and thence to Greytown; and, more particu- 
larly, full investigation should be made as to the practicability of 
extending the canalization of the river to the vicinity of the Serapiqui 
by means of comparatively low dams. 

17. The cost of work, particularly in the eastern division, will be 
increased in consequence of the heavy rainfall, but from observations 
made, its destructive effect on completed work will be much less thau 
that of frost in the United States. 

18. The climate of Nicaragua is mild, equable, and humid, and while 
the sanitary conditions are not unfavorable as compared with portions 
of the United States, the value of physical labor is much less. It is 
probably to be expected that the opening of earth excavations will be 
attended, as elsewhere, by the development of malarial diseases, but not 
of a specially malignant ty]>e. 

19. The volcanic and seismic forces in Nicaragua are manifestlj 
declining, and there seems little reason to apprehend disturbance of so 
serious a character as to imperil the stability of canal construction, 

20. The official estimate by the company of $66,460,880 is insufficient 
for the work. In several important cases the quantities must be greatly 
increased, and in numerous cases the unit prices do not make proper 
allowance for the difference in cost of work between the United States 
and Nicaragua. 

21. The provisional estimate by the Board is $133,472,893. It should 
be understood that the existing data are inadequate as a basis for esti- 
mating the cost of many of the structures; some portions of the work 
may cost more, others less, but in the judgment of the Board the entire 
project can be executed for about the total amount of its estimate. 

22. For obtaining the necessary data for the formation of a final 
project, eighteen months' time, covering two dry seasons and aa 
expenditure of $360,000, will be required. 

William Ludlow, 
JAeutenmt- Colonel, Corps of Engineers^ U. 8. A. 

MORDEOAJ T. ENDIOOTT, 

Civil Engineer^ U. S. N. 
Alfred Noble, 

Civil Engineer. 
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COST OF WORK AND ESTIMATES. 

OLIHATIO AND LABOB CONDITIONS. 

Before fixing unit prices for an estimate ol cost of the canal, the 
Board has examined with mnch care a large amount of data relating 
to cost of similar work in the United States. Several contractors of 
high reputation in their respective lines have examined the maps and 
plans, and have aided the Board by furnishing estimates of cost of 
various classes of work. Several gentlemen of wide experience in the 
execution of work in the Tropics have also given information of great 
value. 

It can not be expected that work can be done in Nicaragua at prices 
ruling in the United States. The first cause of this, which will readily 
appear to anyone, is the climate. There is a great difference in this 
respect between the two coasts. 

On the Atlantic coast, at Greytown, it rains nearly every day in the 
year. The annual rainfall is five or six times as much as on the Atlan- 
tic coast of the United States. Very heavy rains occur at times; on 
one occasion there was a rainfall of 35 inches in eight days, with a 
maximum of 5.8 inches in twenty-four hours. At another time a fall 
of 9 inches in nine hours was noted. The range of temperature is 
small; it seldom rises to 90o or falls to 7(P. Notwithstanding the mod- 
erate temperature, the heat becomies very oppressive when physical 
exertion is made, on account of the high humidity. Substantially the 
same conditions as to rainfall and humidity appear to prevail over the 
entire eastern division. 

The heavy rainfall will increase largely the cost of excavating the 
deep mud at several embankment sites; of clay excavation; of build- 
ing the embankments, where it may prove difficult to solidify the 
material properly on account of the presence of too much water; of 
concrete for the locks, sluices, and weirs, for which it may be necessary 
to provide temi>orary shelter; and, to a less extent, the cost of rock 
excavation and other work. 

West of the mouth of the San Oarlos the rainfall diminishes, and in 
the lake basin there is a well-defined dry season. At Rivas, 5 miles 
north of the canal line, between the lake and the Pacific, a rainfall 
record has been kept oy Dr. Earl Flint, an American resident, since 
1880; the greatest annual rainfall in this period was 105 inches; the 
least 32 inches, and the mean 65 inches; at this point, where the con- 
ditions along the western division are fairly represented, the dry season 
continues about five months. The temperature rises a little higher than 
at Greytown, but the humidity is less, and, on the whole, the climatic 
conditions are much more favorable. 

Another cause for higher cost of work in Central America is the 
comparatively ineffective manual labor which has to be relied upon. 
The natives of Nicaragua are not likely to prove useful laborers in the 
severe and steady work of cannl construction. Negroes from the West 
Indies, principally from Jamaica, have been employed largely at Panama 
and on the Costa Bica Bailway. Under good management they are 
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docile and from a tropical standpoint are considered indastrioas and 
fairly effective. They will undoubtedly form the labor supply for the 
canal. Wages are only about one-half as much as in the United States, 
but the efficiency of the laborers is much less in proportion. 

There is a marked concurrence in opinion of those who have had 
experience in the management of construction work in Central America 
that the cost of work, due to inefficient labor and unfavorable location 
and climate, is about twice as much as in the United States. 

Machinery will be used largely, but will be of little value after com- 
pletion of the canal, and hardly any of it will be worth removal; its 
entire cost would, therefore, be charged to canal construction, making 
the plant charge higher than usual. Eepairs of plant will be expen- 
sive. There are now no shops or facilities of any kind on or near the 
canal line, and they will have to be supplied as adjuncts of the work. 

There is no skilled labor in the country, and it will have to be 
imported at rates of wages much higher than prevail here. Extra men 
will have to be kept on hand, transportation to and from the United 
States will have to be paid, and it may be said that the expenditure on 
account of pay rolls and traveling expenses will be twice as much as in 
the United States. Fuel will cost more than double. Freight on 
materials and supplies will increase their cost greatly, particularly if 
sent to interior points. 

It appears therefore that the rule applied to manual labor will hold 
good also as to work done by machinery, and in general the cost will 
be doubled. On the Atlantic Coast, the factor should be somewhat 
greater than two; on the Pacific Coast, somewhat less. 

So far as shown by experience, the sanitary conditions in Nicaragua 
are favorable. During the building of the railroad iicross the swamps 
from Greytown westward the health record of the men, who were 
mostly Jamaica negroes, was very good, although they were constantly 
in the water. 

When deep excavations are made in the clay there may be a differ- 
ent result. The Jamaicans, however, suffered little when employed in 
the construction of the Costa Kica Bailroad, where the cuts through 
the hills were very heavy, and it is believed that with these or othw 
acclimated laborers, under complete police control and subjected to 
judicious sanitary regulations, there will be no more sickness than 
occurs on public works in many parts of th*^ United States. 

UNIT PRICES. 
DREDGING. 

Oreytown Harbor, — ^Material, coarse volcanic sand of light specific 
gravity. It will have to be deposited outside the harbor lines, either 
in the swamps or at sea. There will be some exx>osure to the sea in the 
harbor entrance. The interior dredging can be done for 20 cents; in 
the entrance, 40 cents; average price used in the estimate for the entire 
amount, 25 cents per cubic yard. 

Oreytown Harbor to Lock No. 1. — Material, sand for one-third of the 
distance; then mud and clay. From the west end the tow will be long, 
if material is taken to sea; if deposited on bank by a pump or ejector 
the lift will be about 20 feet, plus height of spoil bank. Estimate 
price, 25 cents per cubic yard. 

San Juan i^iren— Material, according to Lull's classification, made 
from leadline indications, is clay, sand, and gravel. A large amount 
of material classified by him as rock is believed to be gravel and 
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bowlders and is so taken in tbe estimates. A large part of the material 
will have to be delivered on river bank to avoid reducing channel area. 
On account of this, and the uncertainty as to the nature of the material, 
the unit price in the estimate is increased to 30 cents per cubic yard. 

Lake Nicaragua. — Material, mud and clay. The quantity is large 
and the situation sheltered. The clay can be dumped within a short 
distance; the mad can be pumped to a sufficient distance to insure 
against running back into the cut. Estimate price, 20 cents per cubic 
yard. 

Brito Harbor. — Material and conditions similar to those at Greytown 
Harbor, and same unit price used — 25 cents per cubic yard. 

BARTH EXCAVATION. 

Eastern division. — Material, stiff* clay. At the Chicago drainage 
canal, excavation of hard clay with steam shovel costs 22 to 25 cents 
per cubic yard where the ground is level and plant for dumping can be 
moved easily; the work there is done in the main when the ground is 
dry. In the heavy rainfall region of eastern Nicaragua the material 
will become difficult to handle; the lock pits will be deep and will 
require some pumping; the canal line between locks is crossed several 
times by the Deseado, which will have to be diverted, and cost charged 
to excavation. In the east divide and beyond to Ochoa the ctmntry 
is made up of steep hills, where it will be difficult to work plant to 
advantage. Estimate price, 60 cents per cubic yard. 

San Carlos embankment line. — Material, clay. Excavation is made to 
remove surface soil at sites of embankments; therefore of small depth, 
usually of small area; material to be dumped just outside of excava- 
tion. Estimate price, 50 cents per cubic yard. 

San Juan River. — Material, probably clay. Excavation required to 
straighten channel. Eainfall becomes less going west. Estimate price, 
50 cents per cubic yard. 

Western division. — Material, light loam, sand, and clay. Rainfall 
less, and country less hilly. Estimate price, 40 cents per cubic yar<l. 

ROCK EXCAVATION. 

Eastern dirmon.— Material all degrees of hardness from telpetate to 
trap; of volcanic origin and not stratified. The harder rock will not 
drill and blast nearly as well as the rock in the Chicago Drainage 
Canal, where the contract price is about 70 cents. It will not drill or 
break better than the gneiss about Kew York City, which costs for 
excavation about 80 cents. The telpetate is softer, but it may prove 
impossible to maintain it vertical or with slope of 1 : 5, as proposed by 
the company. The country is a mass of hills, and plant can not be han- 
dled as readily or employed as usefully as in a level district. The 
heavy rainfall will increase cost of work. Estimate price, $1.76 per 
cubic yard. 

Western division. — ^Material, similar to that in eastern division, but 
with less hilly ground and better climate; the Board assumes the unit 
price at 11.25 per cubic yard. 

MUD KXCAVATION. 

Eastern division, — East of divide small quantities of moderate depth 
are to be removed from embankment sites; estimate price, $1 per cubic 
yard. West of divide at sites of several embankments mud is to be 
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excavated to depth of 30 feet or more. Oost of protecting Bides of cat 
by crib work or other means to prevent slides into cut will be large, and 
is included in the estimate price of tl.50 per cubic yard. 

BMBANKlfEMT. 

Oreytown Harbor to east divide, — Material, clay. To be placed on 
cars when excavated from lock or canal prism. Embankment price 
covers cost of transportation, taking from cars, placing in embankment, 
and rolliufi^ or tamping. Company's price used in estimate, 30 cents per 
cubic yard. 

East divide to Oohoa. — Material, clay. About half will have to be 
borrowed. Estimate price. 45 cents i>er cubic yard, which allows 30 
cents for excavating one-half of the material from pits favorably located. 

Sa/n Carlos ridge line. — Material, clay^ All will have to be borrowed. 
Embankments are generally small, at considerable distance apart An 
excavation price of 40 cents is added to an embankment price of 30 
ccntSi making the price used in the estimate 70 cents per cubic yard. 

BACK FILUXO BSniND LOCK WALLS. 

Eastern division. — Material, clay. In most cases to be excavated 
from side of lock pit to lighten bank. Locks generally located in hills. 
If quantity is insufficient, deficiency is to be made up by borrowing. 
Excavation price of 40 cents added to embankment price of 30 cents, 
making 70 cents per cubic yai'd. 

Western division. — On account of material being more easily handled 
and more favorable climate the price is reduced in the estimate to GO 
cents per cubic yard* 

aCATEBIALS FOR OCHOA DAM. 

RocJcfill. — Material to be principally in pieces weighing 4 to 10 tons, 
obtained from cast divide. A sufficient amount can not be obtained by 
ordinary blasting, therefore quarry methods will be required, adding to 
cost of excavation. 

Per cubic yard. 

Additional co8t of excavation is est i mated at $0.50 

Transportatiuu to dam (1 cent per ton mile) 90 

Handling at dam 20 

A large amount will have to be stored for liiiul ecasou's worlc, involving two 
handlings ; cost of this distiibu ted over \v hole amount 15 

Cost per cubic yard, solid 1.15 

One cubic yard solid makes 1.7 cubic yards loose. Cost of 1 cubic 
yard loose. 68 cents, say, 70 cents for estimate price. 
17ar^A ^(/.-—Material, small stone and clay. Waste from east divide: 

Per cubic yard. 

Transportation $0.30 

Handling at dam 20 

Estimate price 50 

8UBMARIMB BOCK EXCAVATION. 

Ban Juan at Toro and Castillo rapids and at canal entrance tcest side 
of lake. — ^Material, probably liai*dy volcanic rock, without stratification 
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except on west side of lake; latter amoant relatively small. Work 
will be done with expensive plant and skilled labor; plant should be 
charged to work. Present contract price for limestone, hard but hori- 
zontally stratified, drilling and blasting well, in the St. Marys Eiver, 
Michigan, 92.43 per cubic yard. In Nicaragua cost of plant will be 50 
per cent greater, pay roll will be double, cost of repairs and fuel more 
than double. Estimate price, $5. 

6HBET PILING. 

The unit prices in the company's estimate, which provide for creosoted 
timber, are accepted by the Board. 

8T0NB FOR BRBAKWATBIUI. 

Qreifiown and Brito, — Stone from divide cuts. Stone to be received 
on cars at x)oints where excavated. Cost of transporting and depositing 
in breakwaters, including necessary trestle, will not, it is believed, 
exceed the estimate price of $1.60 per cubic yard. The trestle will be 
a temporary pile bridge; storms seldom occur, and cost of trestle will 
not be great. 

CONC&BTE FOR LOCKS^ SLUICES, AND WEIRS. 

Eastern dtrwow.— Greater part of work from 12 to 17 miles from Carib- 
bean; a few small works 22 to 28 miles; cement, Portland, delivered by 
ship at Grey town; sand from Greytown beach; stone from east divide 
cut. Proportions suggested by company : Cement, 1 ; sand, 2 ; stone, 5 by 
volume. Concrete for lock consti^uction with these proportions costs $9 
per cubic yard, including timber forms, at the Hennepin Canal, 1893. 
With proportions of 1 : 2 : 3 for face and 1 : 3 : 6 for backing, the cost can 
be reduced and satisfactory structures obtained. 

A careful, detailed estimate has been made and $9.50 adopted as the 
estimate price. 

San Carlos sluices and weirs, — Transportation of materials to site will 
be more expensive than for eastern division, and the estimate price is 
made $10. 

Western division. — Cement will cost a little more than on the eastern 
division, by reason of higher freight charges. Cost of sand from the 
beach at Brito and stone from the west divide will be less than sand 
and stone in eastern division, on account of better climate; cost of mix- 
ing and placing will be less; these reductions will more than oH'set the 
greater cost of cement. Estimate price, $9 per cubic yard. 

UETAL WORK. 

LocJc gates. — ^The contract price for the steel gates just built for the 
8t. Marys Falls Canal was 7 cents per pound. Material will probably 
come from Europe at less than first cost in the United States. Erec- 
tion in Nicaragua will cost more than here, and the final cost is taken 
the same as here, at 7 cents per pound. 

Gate onehors.'^GojitveiGt price at St. Marys Falls Canal is 3.77 cents 
per pound; estimate price, 4 cents per pound. 

Steel in /imn^lattonff.— Material to come from Europe. Field riveting 
small in amount. Estimate price, 3 cents per pound. 

Steel «f» culverts. — ^Material from Europe. Field riveting and calking 
expensive in Nicaragua. Price for estimate, 4 cents per pound. 
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Oatea and machinery for sluiee$. — ^The prices taken by the Board are 
maHers' prices, with an allowance for transportation. The company's 
estimate appears to be made for ouly one-half the number of gates 
intended. 

BLUICBS AND WBIR8. 

Eastern dttn^um.— The company's estimate provides two sluice open- 
ings 20 feet by 25 feet and 200 linear feet of weir at each lock, and 
equal amounts of both in the San Francisco embankment line. For 
the purxK>se of entering the items in the estimate the Board assumes 
the same provision. 

San Carlos embankment line. — ^The price estimated provides for 4,000 
feet linear of weir instead of 1,200 feet, as in the company's estimate. 
No change is made in the number of sluices. These quantities, which 
may have to be changed after further surveys, are assumed only to take 
the items into account. 

BAILBOADS. 

Eastern division.— The^ estimate of (100,000 per mile is believed suffi- 
cient for a double-track standard-gauge railroad. The country is hilly, 
the grading will be heavy, and there will be considerable pile bridging 
and trestling; but there will probably be no rock cuts. The amounts 
added for buildings, etc., are sufficient for the temporary buildings suit- 
able for a construction line. 

Western division. — With a low-level canal there will be no difficulty 
locating a railroad with light work and easy grades and curves, except- 
ing the li miles through the gorge of the Bio Grande. Estimate price, 
950,000 per mile for a double-track standard-gauge railroad. 

MI6CBLLAN1BOU8. 

The Board hns adopted the company's figures in many cases for 
minor structures, and in a few cases for important ones, where it was 
impossible to check them with the limited time and means at its dis- 
posal. The most important of these structures are the weirs and guard 
gates. ' As to the weirs, their dimensions are subject to change after 
the ascertainment of the duty required of them, and changes in their 
dimensions, if in the way of increase, must at this stage be considered 
as an item of contingencies. As to the guard gates there are no plans, 
but the amount estimated for them by the company may possibly prove 
sufficient. 

The company's estimate contains amounts for receiving basins for 
several creeks taken into the canal, for fender work in the approaches 
to the locks, and for a few other small items. The Board has entered 
the amounts in its estimates without analyzing them minutely; any 
errors in amount will be relatively unimportant. 

In the absence of any data on the subject the Board has not endeav- 
ored to make any estimate as to tbe damages to be incurred from 
submergence of lands in lake and river valleys. 

MAVAOBMBMT AMD BNOnVEBBINO. 

Oost of management and engineering is estimated at 4 per cent of 
the cost of consti'uction. 



Digitized by 



Google 



NICARAGUA CANAL. 95 



HOSPITAL 8ERVICB. 

Adequate hospital service is of prime iraportatiee for the successful 
prosecution of the work. It would not be judicious to leave this to tbe 
control of the large number of contractors who would be employed, as 
they would not be likely to agree on effective measures, and lack of 
vigilance at any point might start a disastrous epidemic. For these 
reasons the canal company should assume the responsibility, and 
organize a hospital service on a liberal scale. An item of $1,000,()00 is 
inserted in the estimate for this purpose, 

CONTIKGBITCIKS. 

The allowance for contingencies is intended to cover those items of 
increase due to unforeseen emergencies and exigencies as to climate and 
imperfect information as to the extent and character of the work; in 
the present case, these uncertainties are unusually large, and in the 
judgment of the Board the allowance of 20 per cent is the least admis- 
sible. 

QUANTITIES. 

The quantities of excavation and embankment carried in the estimate 

are based on the company's maps and profiles, and in most cases, unless 

otherwise stated in the report, its calculations of amounts are accepted 

The Board has verified them approximately, and believes the maps and 

proSlea on wlucli they are based to be substantially correct. 
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Appendix A. 



MINUTES OF THE NICARAGUA CANAL BOARD. 

Wmhingtan, D. C, Tuesday ^ April gS, 1895.— The members of the Board met at the 
State Department for informal conference. 

Wednesday, April £4. — ^In the forenoon reported in person to the Hon. W. Q. 
Gresbam, Secretary of State. 

At 4 p. m. called apon Comptroller Bowler at the Treasury Department in refer- 
ence to the general subject of expenditure and accounts. 

Tkursdajfj April 25, — ^In the forenoon received commissions and letter of instruc- 
tions from the Secretary of State, and took oath of office. 

At 2.30 p. m. reported in person to the President. 

Friday, April S6.—la the forenoon called upon the Hon. Hilary A. Herbert, Secre- 
tary of the Navy, who tendered the use of the U. S. S. Montgomery as a means of 
tranaportation to and from Central America. 

Engaged Mr. F. P. Davis, C. £., to accompany the Board to Nicaragua as chief of 
party. 

At 4 p. m. Messrs. Ludlow and Noble left Waahington for New York ; Mr. Endi- 
oott to follow on Monday. 

Sew York, Saturday, April 27, 1895, — By the courtesy of Lieutenant-Colonel Gilles- 
pie, Corps of Engineers, were permitted use of an office room on the seventh floor of 
the Army Building. 

At the offices of the canal company, No. 54 Broad street, examining plans, etc., 
with the aid of Mr. Menocal, chief engineer of the company, and Mr. Bennett, hid 
aanistant. 

Monday, April 29, — ^Mr. Endicott arrived from Washington, and Mr. Davis reported 
for duty. 

The Board organized, and upon nomination of Mr. Endicott, Brevet Lieutenant- 
Colonel Ludlow was elected chairman. Mr. Davis appointed secretary pro tempoie. 
Ctfficlal account opened with the assistant treasurer at New York in the name ^i 
the chairman, who had been designated by the Secretary of State to act as disburs- 
ing officer for the Board. 

Tmesday, April SO, — Board at canal company's offices with Mr. Menocal examining 
plana and records. Met Mr. Atkins, secretary of the company. 

Wednesday, May 1, — Stenographer engaged temporarily. Mr. Chester Donaldson 
engaged as clerk to accompany freight and supplies by steamer to Grey town. 

Passed Assistant Surgeon Stitt, U. S. N., under orders from the Navy Department to 
accompany and attend the Board and party to and from Central America, reported 
by letter and telegram, and was instructed to report in person at Mobile on Ma^^ 7. 

Board at oanal company's offices examining plans, etc. Mr. Davis making pur- 
chases of outfit, stores, etc. 

Thursday, May 9. — Bought $4,000 letter of credit from Brown Bros. & Co., of New 
York, for use in Nicaragua. Ordering supplies and engaging party. 

Friday, May S, — Mr. Reading Stoddart engaged as secretary to the Board. 

Saturday, May 4, — Shipped supplies, instruments, provisions, and general outfit on 
board the steamer ffylo, which sailed for Greytown, Nicaragua, at 5 p. m., with Mr. 
Donaldson in charge of the Board's freight, and Mr. Bennett in charge of the caual 
company's maps and plans intended for use in the field. 

Sunday, May 5. — Having completed its preparations, the Board left New York for 
Mobile, where the Montgomery was waitiug with orders for Greytown. 

Tuesday, May 7, — The Board and party reached Mobile at 5 a. m. Personnel hh 
folloirs: Messrs. Ludlow, Endicott, and Noble, of the Board; P. A. Surg. Edward 
&. Stitty U. 8. K.; Reading, Studdurt,, secretary;. E. P. Davis, chief of party; B. A. 
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Wood, assistant engineer; H. R. Stanford, transitman ; L. L. Parke, levelman ; Charles 
Williams, porter. 

The Board was also accompanied by Mr. A. G. Meuooal, chief engineer of the canal 
company, and his son, Mr. £dward Menocal. 

The Montgomery lay at the wharf, and the Board advised Commander Davis of its 
arrival and readiness to come on board at any time. A steam launch, which was 
en route from Norfolk, arrived at 10 a. m., and the Board was informed that the ship 
woald sail at 4 p. m. 

At 3 p. m. Commander Davis called on the Board at the hotel, and at 4.30 p. m. the 
Montgomery left for Grey town. 

Monday, May IS, — After fine weather throughout the voyage, the Montgomery 
anchored in 7 fathoms off the Greytown entrance at 12.30 p. m., and at 3 p. m. the 
Board and partv were landed witn their luggage, under guidance of a local cock- 
swain, over a tolerablv smooth bar, with 4 to 4i feet of water, in two of the ship's 
cutters and the whaleboat. 

The Board was received with a salute of 11 guns, and met at the steamboat land- 
ing hy General Rivas, the governor of the Free Zone ; the United States consul, 
Thomas O'Hara; the British consul, Mr. H. F. -Bingham; Messrs. Sonnenstern and 
Weist, commissioned by the minister of public works to meet the Board, and by 
Messrs. Weiser and Von Braida, of the canal company. 

The Board had offices and quarters at the house of Messrs. Hoadley, Ingalls & Co., 
represented by Mr. £. Z. Penneld j the remainder of the party in other leggings, and 
board was engaged at the Victoria Hotel. 

Tuesday, May 14.— At 10 a. m. the Board, accompanied by Mr. O'Hara, made a 
form^ call on the governor; were received with great courtesy, and on leaving were 
given a salute of 6 guns. 

Throughout Central America the hours of meals are almost invariably, coffee at 6 
a. m., breakfast at 11, and dinner at 5 p. m., and work of all kinds arranges itself 
with reference to those hours. 

At noon the Board, with Mr. Menocal, visited the "breakwater,'' and made inspec- 
tion of that and other features of the entrance and harbor, including the short piece 
of canal. 

Wednesday, May IS, — Started the party on a transit and stadia survey of the shore 
line eastward of the entrance. The Board examined the company's buildings north 
of the canal and the shore line in front of them. 

At 2 p. m. the Wylo, with freight from New York, arrived; but in the absence of 
the tug Cohvrg, which, with a lighter, constitutes the means of landing freights at 
Greytown, the Wylo was unable to discharge, and therefore sailed again for Blue- 
fields, to return later. 

At 6.30 Governor Rivas, with the secretary and iuterpreter, Mr. Barton, called 
on the Board at its quarters, and at 7 Mr. Weist called to present the following 
credentials : 



[TnuulAtioxi.] 



National Palacb. 

Managua, April IBO, 1895. 



Engineers Don Maximiuako Sonnenstern and Mr. Julius Weist, Present: 

On the 25th of the present month you will proceed to San Juan del Norte (Grey- 
town) as commissioners of this Government, in order to receive, accompany, and 
give any information they should like to the eugiueers of the United States Govern- 
ment sent to this country to study the route of the interoceanic canal and inform 
their Government of everything concerning it. 

The present note is sufficient credential to you for the commission of engineers and 
all the authorities of the Kepublic to carry out your commission. 

I am, sincerely, Alonzo, 

Minister of War and Public Works. 

The Board was glad to avail itself of the minister's attention, and were indebted 
later to Mr. Weist for much assistauce and information. 

Thursday, May 16. — At 7.40 a. m. the Board, accompanied by Messrs. Menocal and 
Von Braida, made an inspection of the railroad line wentward firom the machine 
shops, for Hi miles, to beyond Camp No 7, between the sites of Locks Nos. 1 and 2. 

The party were conveye<l on a pump car and a flat car, propelled by poles, and 
made the outward Journey in three hours, returning under a pouring rain at 2.30 
p. m. 

At 7 p. m. the Board called on Don Maximiliano Sonnenstern, who was confined to 
his room by an accident. 

Friday, May 17, — Board inspected the west shore line to the Indio River. 

Saturday, May 18. — Examined the Harbor Head Lagoon at outer beach. Party 
surveying the west beach. 
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At 1 p. m. the Wylo retamed, and the chairman of the Board went off to her in the 
Cotfurg^ and thence to the Montgomery to ioform Captain Davis that the shore lines 
east and west had heen surveyed in readiness for the hydrographic survey which the 
Nary Department had directed for the nse of the Board. Lieutenant Lyman , the 
navigating officer, was instructed hy Captain Davis to take charge of the survey. 

At 2 p. m. Messrs. Endicott, Nohle, and Menocal inspected the company's dredges 
lyinf^ in the lagoon near the entrance. 

In the evening, arranged a provisional itinerary for the inspection of the eastern 
division of the canal between Greytown and the San Juan River, at Ochoa, to cover 
a period of about three weeks. 

Snndatf, May 19. — Lien tenant Lyman came ashore to arrange in reference to survey, 
etc Partv engaged in platting the coast line from the transit and stadia line. Called 
on Mr. Pellas, proprietor of the River Transportation Company. A boat, the Irmay 
expected down to-day, and arrived at noon, hut would sail again early Monday 
moming. 

MonAajfy May SO. — ^The party finishing the platting of the coast line: The Trma 
Bailed at 6.30 a. m., but a larger boat, the HoUenheck, arrived at 2 p. m., and arrange- 
ments were completed with Mr. Pellas for the transportation of the Board and party 
to the west shore of the lake. 

Tuaday, May fSl, — The Hollenheck left at 7.45 a. m. with the Board and party, accom- 
panied by the Messrs. Menocal, Bennett, and Wieser, of the canal company, and Mr. 
Weist, of the Nicaragua department of pnblic works. 

The river steamers are of the Pittsbnrg type, and built there — stem wheel, high 
presenre, light draft and open decks, the lower for freight and steerage passengers, 
the npper for cabin passengers. 

The junction with the Colorado River, 18 miles from Greytown, wae reached at 
12.30; the month of the Sarapi<^ui at 3.45. 

At 6 p. m. stopped at Mainen's ranch on the right (Costa Rican) bank, opposite 
the month of the San Francisco River, and met Mr. Perez, of the canal company, who 
is en^ged in cutting out the lines on the eastern division, and expected to have it 
done in about ten days. 

At 8.30, tied up for the night to the right bank, below the mouth of the San Car- 
los River. 

Wednesday f May g£. — Under way at 4.30 a. m., passing the broad mouth of the San 
Carlos, and at 7.40 stopped at the foot of the Machuca Rapids, where transfer had 
to be made to a lighter for ascent of the rapids, the depth being insufficient for the 
Bteamer. 

At £1 Gnis, at the head of the rapids, transferred again to the AdeU, and at 2 p. m. 
left for Castillo. 

At 4, when nearing Castillo, which is a Nicaraguan military station and custom- 
boose, the Nicaraguan flag was hoisted on the jackstaff and the United States ensign 
on the quarter. Arrived at Castillo at 5 p. m., and were met by the commandante. 
Colonel Pacheco, and by the intendente, Don Ignacio Yosconcelos, who invited us to 
occupy quarters for the night on shore, and were very hospitable. 

Tkunday, May g3,—The Castillo Rapids can not be ascended by steamer, and 
transfer is effected by a tramway. 

Left Castillo 6.45 a. m. in the small steamer Norma, with a lighter alongside, for 
the Torn Rapids. At 9.15 a. m. reached the lower end of Toro Rapids, ana dropped 
the lighter to be poled np ; and at 9.45 the Norma reached the head of the rapids at 
the month of the Savalo, where another transfer was made to the larger steamer, the 
Jfaaa^va, en route to Fort San Carlos on the lake shore, where, at 5 p. m., the com- 
Biandante, Colonel Saenz, came on board to extend official welcome. San Carlos is 
Alflo a military post, and commands a fine view of the broad expanse of the lake and 
the ranges of Costa Rican Mountains in the distance. 

At San Carlos, the Board had to await the arrival of the lake steamer Fioforia, and 
BManwhile oecnpied the time, as at every other point where opportunity offered, in 
making fall observations relative to the physics of the route, leveling to water 
Burks, and noting other matters of interest. 

The Board returned Colonel Saenz's visit, and were entertained at his headquarters. 

iVtdajf, May 24, — ^Examined the Rio Frio in the Managua; leveled to water bench 
mark for high and low staffcs of lake, and in the afternoon took soundings and 
obeervations of bottom in lase offshore channel. 

Saturday f May B5. — Current and gauge observations of the San Jnan. 

Smnday, May 26. — ^Made a second ganging of the river. The Victoria arrived at 

3.15 p. m., ana at 11.30 sailed for San Jorge, the landing on the west shore near Rivas. 

Monday, May 27. — ^At 6.30 a. m. passed Madera and Ometepe, and at 9.20 landed the 

pitftv at San Jorge, the Board continuing to Granada, which was reached at 3 p. m. 

By the ooortesy of the Government, a special train took the Board to Managua at 
8 p.m. 
Tiutday, May 28, — ^At 9 a. m., had a special audience with the President and the 
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members of h\n caT>ihet> At tbe palacio. and were tendered tbe Aidettokn of tbe Stai)6 ^ 

telegraph and tlib uMe of the Govetument steamer El 9S. ' 

At 10.15 a special train returned the Board to Granada, and at 11.30 the Victoria 
sailed ligaitt for San Jorge, attd arrived at 6.40 p. ro. The Board proceeded by tram- i 

way tb KiVaSi and were quartered at the capacious house of the Sefiora Runnels, ^ 

with thid entire patty^ 

Wednesday, Mag BS.-^The freight and provisions were sent out in five caretas, three i 

to the hacienda Gamas, near Brito, and two to the intermediate camp that had been 
prepared at Paraiso. j 

After breakfast the Board and party left Rivas on horse and mnle back for Brito, 
and reached the hacienda at 4.30 p. m. i 

Thur8day,May SO. — Occupied the day in inspecting the Brito harbor and vicinity. i 

Friday, May SI. — Examined the canal route up the Rio Grande Valley, giving 
special attention to the La Flor Dam and adjacent lock sites, and camping at Paraiso. i 

Saturday, June 1. — Followed canal line to lake shore, examining proposed sites for 
dams, etc., for diversion of the upper Rio Grande, and at 4 p. m. left the lake for 
Rivas, where we arrived at 7. i 

Sunday, June 2. — Party taking levels and other measurements on lake shore. 

Monday, June S. — ^Telegraphed minister of public works asking for use of El 93 
for to-morrow. i 

Tuesday, June 4. — El 9S did not come till 3 p. m., and arranged for trip in lake for 
to-morrow. Telegraphed to ascertain as to arrival of Victoria to take Board back to | 

8an Carlos. , 

Wednesday, June 6. — At 7.30 a. m. took El 9S and examined harbor under lee of , 

Ometepe Island. Took soundings, etc. Landed at Moyagalpa, an Indian village on ] 

northwestern end of Ometepe, and returned to Rivas at 6.30 p. m. , 

Thursday, June 6. — Arranged for departure. Victoria arrived at 3.30 p. m. and j 

sailed at 7.30, anchoring for the night off Moyagalpa. 

Friday, June 7. — Left Movagalpa, and reached San Ubaldo on the east shore of 
the lake at 6 a. m. Arrived at San Carlos at 4 p. m. 

Saturday, June 8. — Left in the Managua down river at 3.30 a. m. At head of Toro 
Rapids transferred to the Norma, and left for Castillo at 10. At 11.45 reached Cas- 
tillo. Transferred to the Adele below the rapids, and lay for the day and night. 

Sunday, June 9. — Left in the Adele at 6.15 a. m. Reached £1 Guis, at head of 
Machnca Rapids, at 7.45; lightered down, and transferred to Hollenheek, and sailed 
again at 9 a. m. 

At 11.15 landed at the camp on left bank at site of the Ochoa Dam. Was met by 
Messrs. Perez and Von Braida, of the canal company, and by Professor Pittier, of 
( !nnta Rica, with greetings from the President and letters from united States Minister ' 

Baker. ' 

Messrs. Stoddart, Wood, and Parke, of the Board's party, continued down river to 
Greytown to make survey of the lagoon. ' 

At noon the Board inspected the canal line for 1^ miles: then crossed to embank- 
ment line, and thence back to camp — about 4 miles of very nard travel in four hours. 

Monday, June 10. — At 6.30 a. m. crossed the San Juan to right bank, and went out 
on line of Ochoa Dam and San Carlos Ridge. At 4.30 made camp 7 miles out. 

Tuesday, June ii.— Left camp at 6.40 and went over 3 miles of crest line. Struck ' 

down to the San Carlos, and returned in two canoes to the Ochoa camp at 2 p. m. 

Wednesday, June 7;?.— Left camp at 7 a. m. Said farewell to Professor Pittter. and 
followed canal and embankment line to camp on west bank of Danta. Tried to 
examine the Florida Lagoon in a small cano9, but heavy grass prevented. 

Thursday, June IS. — Inspected canal and embankment line, and reached camp on ' 

left bank of San Francisco at 12.30. ' 

Friday, June 14. — Inspection of line and streams in vicinity of San Francisco camp,, 
returning to same at night. 

Saturoay, June 16. — Examined line from San Francisco camp to Camp Carmen, on 
the right bank of the Limpio, the west slope of the east divide. 

Sunday, June i^.— Route from Camp Carmen to Camp Alice, on the Lindo, near sunr- 
mit of divide. 

Monday, June i7.— Crossed divide to Camp Miller, passing the summit at 8 a. m.» 
and following down the Deseado. 

Tuesday, June i5.— Trail to Camp Menooal, where stopped for breakfast only, and 
thence to Camp 7. ' 

At 3 p. m. took flat oar and went to Greytown, arriving there at 5 p. m. Engaged 
the Hollenheek for trip to-morrow to mouth of Colorado River, and made arrange- ' 

ments for Messrs. Davis and Stanford, of the Board's party, to make a reconnoissance 
in the vicinity of the Serapiqui. 

The harbor tug Cohurg, constituting the only means of landing and shipping 
freight, was beaoued on the 17th outside the entrance and became a total wreck. 
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Wedne»daif, June 19, — ^The Board left at noon in the Hollenheck; reached the Colo- 
nulo Janetion at 5 p. m. and the mouth of the Colorado at 7.15^ and lay for the 
night. 

Tkmndajf, June fSO, — Board examined and surveyed month of the Colorado, and 
returning sketched the river to the junction, reaching Grey town at 4 p. m. 

Friday, JuneBL — Messrs. Davis and Stanford left in tne Hollenheck for the Serapiqni. 

The Montgomery not yet returned from Colon, where she had gone on the 15th for coal. 

The " bar" is ugly, aod several little schooners are unable to get out. 

Saturday, June $2, — Finished survey of lagoon and shore line. 

Sunday, June ;S5.— Sent word to Captain Davis by oanoe that the Board and party 
would come on board as soon as the transportation of freight and personnel by 
cano« could be accomplished. Got part of freight delivered and arranged for final 
transfer to-morrow. 

Monday, June S4, — By aid of a small steam launch inside and a large canoe over 
the bar, which was formidable, got off safely, and sailed at 2 p. m. for Port Jjimou, 
arriving there at 11 p. m. 

Tueeday, June fS6. — Lauded, and after conference with Mr. Walter Ingalls, arrange<l 
to leave in special car for San Jose in the morning. 

Wednesday, June £6. — Left at 6.15 and arrived at San Jose at 1.30. Were received 
by United States Minister Baker and cabinet officers, and quartered as guests at the 
hotel. At 4 a special audience by the President, and at 7 the President and cabinet, 
with other guests, did the Board the honor of dining at the hotel. 

Thursday, June 57. — Heavy rain during the night and landslides reported on rail- 
road line. Carriages to inspect San Jose, its public buildings, schools, museum, and 
hoepitals. Met Mr. Keith and Colonel Churcn of the Costa Rica Railroad. 

Arrangements made to start down the line in the morning, notwithstanding the 
landslides and interruption to travel. 

Friday, June £8. — Left at 6 a. m., under guidance of Mr. Williamson, superintend- 
ent of tlie railroad. Train to Juan Yinas, 29 miles from San Jose; thence hand car 
and walking. Met Mr. Hodgson, general manager of the railroad, to whose kiudness 
and efforts the Board is indebted for eettiug through to Port Limon. Reached 
Turrialba at 1.30, and remained over night, sleeping on cots in the station. 

Saturday, June 29, — ^At 6 a. m. started again with hand car and on foot. Reached 
Madre de Dios at 5.35 p. m. Left the party to follow, and Board pushed on to San 
Jose Creek, where got eugiue and car, and reached Port Limon at 10 p. m. 

Sunday, June SO. — Party arrived at 8.20 a. m., and at 10 on board of Montgomery; 
sailed for Colon at noon. 

Monday, July 1. — Arrived at Colon at 6.15 a. m. United States Consul Pearcy 
came ou board, and, at his invitation, the Board accompanied him to his very com- 
fortable quarters on shore. 

Tuesday, July S. — By the kindness of Colonel Rives, general superintendent of the 
Panama Railroad, the Board had a special train from Colon to Panama, stopping to 
examine certain points ou the way. At Panama the canal company's engineers had 
proffered the use of one of the canal launches for inspection of the sea-level end of 
the canal. 

Board returned to Colon by the special, having had an excellent opportunity, 
under Colonel Rives's personal guidance, to see the canal and railroad works. 

Wednesday, July S. — The Board, with Colonel Rives and Captain Davis, took a 
canal tag to the mouth of the Chagres River, and thence upstream and into the 
canal section, which was carefuUy examined. 

Thursday, July 4, — The collier Stag arrived and the Montgomery was again able 
to coal. 

Friday, July 6, — ^The Montgomery coaling. 

Saturday, July 6, — The Montgomery coaling. 

Monday, July 8. — ^The Montgomery completed coaling, and Board and party got 
baggage on board in readiness to sail. 

Tuesday, July 9.— Montgomery sailed at 7.45 p. m. for Key West. 

Sunday, July 14, — Anchored in Key West Harbor at 1.15 p. m. The State quaran- 
tine refused all communication with shore except by the health officer's boat, but 
permitted the navy coal barges to come off and till the Montgomery's bunkers again. 
The Board not allowed to go to Tampa and thence northward. 

Tuesday, July 16, — Montgomery finished coaling. 

Wednesday, July 17, — Montgomery sailed for New York at 4.45 p. m. 

Sunday, July £l,—r Montgomery anchored off Forty-second street in the North River, 
New York, at 2.30 p. m., and the Board and party landed the same afternoon. 

The Board's party was disbanded, Messrs. Davis, Stanford, and Stoddart being 
retained for the work of preparing the report. 

The members took a bnef vacation to see their families, the chairman proceeding 
to Washir^i^n to report the return uf tho Bo^rd to the United States 
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Tuesday, July SC—ThQ Board reafisembled at the Azmy Building in New Tork, and 
by the coortesy of Colonel Moore, of the Qaartermaster's Department, was tem- 
porarily allotted offices on the fonrth floor, as well as the drafting room, on the 
seventh floor. 

Until October 81 the Board was engaged in the laborious work of a thorough 
investigation of the canal company's maps and data, and all other available sources 
of information, and in the preparation of its report, which was completed on the 
night of October 31, and on November 1 submitted through the State Department 
and delivered to the President. 

Tlironghout the entire iuveHti^atiou the oflicerB of the canal company have fur- 
nished every assistance in their power. 
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NlCARAQUA CaKAL BOARD, 
Army Building, New York, July 31, 1896, 

DiSAR Sir : The Nicaragua Canal Board is now in New York^ prepared to enter at 
m\cti iipou the examination of the data requisite for the preparation of its final report 
to the President. 

The time allotted is hut hrief, and a very large amonnt of material mast he exam- 
ined. The Board would he mnch indebted if you would give such instructions as 
may he necessary to place at our disposition any of the company's data that may he 
of record in New York or elsewhere; and I beg to suf^gest that, in order to facilitate 
oar labor as much as possible, at the least inconvenience to the company's ofllcers, 
Toa authorize the secretary of the company, Mr. Atkins, who evinces every dispo- 
Bition to accommodate us and to whom we are already indebted for courtesies, to 
permit us to make requisition upon him from time to time for such material as we 
may need, and to retain it in oar possession while the data in question are under 
consideration. 

As chairman of the Board, I will give memorandum receipts for such maps and 
other data as we need from time to time, and the Board will he responsible for their 
safe return to the company's offices. 

The temporary offices of the Board are in the Army Building, in Whitehall street, 
which, as you are probably aware, is a fireproof structure, and whatever material 
we have in our possession will be securely kept under lock and key. 
Very truly, yours, 

WiixiAM Ludlow, OAairman. 

Hiram Hitchcock, Esq., 

President Maritime Vanal Company, 64 Broad Street, New York, 



The Maritimk Canal Company of Nicaragua, 

64 and 66 Broad Street, New York, August 1, 1895, 
Dbar Sir: I have your favor of Jaly 31, and in reply will say that it gives this 
eofflpany much pleasure to comply with the re(][ue8t therein contained. 

Mr. Atkins, the secretary of Uie company, will gladly respond to the requisitions 
year oommittee may make upon him from time to time. 
Please command me personally if I can at any time be of service to you. 
Very truly, yours, 

Hiram Hitchcock, Presideni. 
Col. WnxiAM Ludlow, 

Chairwuin of the Nicaragua Canal Board, 



Nicaragua Canal Board, 
Army Building, Neto York, August 2, 1896, 
Bias Sir: J beg, in behalf of the Board, to thank ^^ou for your very kind letter 
^ yesterday, placing at our disposition any information in the possession of the 
cvmpany. 

If at any time yon are down town in the vicinity of the Army Building, it would 
g7T6 the members of the Board much pleasure to meet you personally. 
Ve»y truly, yours, 

William Ludlow, Chairman, 
Hiram Httohcock, Esq.. 

PteeidenL 66 Broad Street, New York. 

m 
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Nicaragua Canal Board, 
Army Building, New York, August S, 1895, 
Drar Sir: Will yon be good eno^igh to Rend to me for the nse of the Board one 
fODy of profile of location line of lov^er route from Ochoa to San Jnanillo, snrvey of 
18881 

Very truly, yoars, 

William Ludlow, Chairman, 
Thomas B. Atkins, Esq., 

Secretary Maritime Canal Company, 66 Broad Street, New York, 



Nicaragua Canal Board, 
Boom R 4, Army Building, Neto York, Auguet 7, 1895. 
Drar Sir: The Board would be glad to take up at once the question of the con- 
struction of the Ochoa Dam, and would be very much obliged to yon if yon could 
come over to-morrow at any time after 10 o'clock, or, if to-morrow would be imprac- 
ticable for you^ at any time Friday morning between 10 and I. 

The subject is one of such magnitude and importance to the canal project that it 
is expedient to consider it as fnlTy as possible, and the Board will be glad to avail 
it.self of your assistance in considering details of construction and investigating the 
circumstances of similar constructions elsewhere. 

I have written to the office to ask Mr. Bennett to bring over all the data he has 
with reference to the matter. 

With much regard, very truly, yours, 

William Ludlow, Chairwusm, 
Mr. A. G. Mrnocai^ 

Chitf Engineer, etc,, Brooklyn Navy- Yard. 



Nicaragua Canal Board, 
Army Building, New York, August 7, 1895. 
Drar Mr. Brnnrtt: The board would be gla<l to have you brin;; over to-morrow 
all the data appertaining to the Ochoa Dam, including such drawings, borings, esti- 
mates, and reports as there may bo bearing upon the subject of its location and con- 
struction. 

Very trnlv. yours, 

William Ludlow, Chairman. 
Mr. F. W. Brnnkti', 

(Care Maritime Caaal Company,) 

S6 £rc^^ Street, Citjf. 



Nicara'gua Canal Board, 
Army Building, Neio York, August 7, 1895, 
Drar Mr. Brnnrtt: The Board would be glad if you would let us have all the 
data relating to river gangin^p, including field notes, computations, and reports. 

I fear that we shall bo making a good many demands upon your time, and I wonld 
suggest that you might, if you plense, her getting tlio information together, en bloc, 
relating to the various subjects. For example, the drawings, notes, plans, reports, 
borings, cross sections, etc., with reference to the San Carlos Ridge— a snbject sus- 
ceptible of being considered by itself. If all the information with regard to thos^ 
wore collected, examination of it would be much facilitated. 

If practicable we would like to have the ganging data as early to-morrow as it 
would be convenient for you to deliver it, and in particular we would like to have 
the gauging of the San Juan River, to which yon and Mr. Menocal referred the 
other day. 

Very truly, yours, 

William Ludlow, Chairman, 
Mr. F. W. Bknnktt, 

(Care Maritime Canal Company,) 

66 Broad Street, New York. 
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NiGABAGUA CaKAL BoaAD, 

Army Building, New York, August IS, 1896, 
D«ar Sir: Will ycm please furnish the Board with the following: Baldwin's snr- 
vey of beach from La Fe to Indian Kiver; Ehle's survey of same, showing property 
lines? 

Very tmly^ yonzSy • 

William Ludlow, ChairmtM, 
Mr. F. W. BbknbtT; 

(Care the Maritime Canal Company,) 

64r^6 Broad Street, Now York. 



Nicaragua Canal Board, 
Army Building, New York, August 14, 1895. 
Dkak Sir: Will yon please send to the Board the following: San Carlos Ridge 
plan and profile, with cross sections, etc. ; plans, profiles, itud cross sections from 
(3choa to Locks; Estimates of January 31, 1890, see Senate Report No. 1142, of 
December 22, 1892), as revised to date! 
Very tmly, yours, 

William Ludlow, Chairman, 
Mr. F. W. Bennett, 

(Cttre Maritime Canal Company,) 

54-66 Broad Street, New York, 



Nicaragua Canal Board, 
Army Building, New York, August 14, 1895, 
I>EAB Sir: Could yon conveniently furnish the Board with your latest revision of 
the estimates for the can alt 

The most recent data that wo have for dimensions and cost are those given in your 
report on final location, corrected to January 1, 1890. 

Several modifications and revisions have been made since that date, and wo would 
be glad to have the results. 
Very truly, yours, 

William Ludlow, Chairman. 
Mr. A. G. Mbnocal, 

CAt^ Mngimemr, etc,, Brooklyn Navy- Yard, 



United States Navy- Yard, 

New York, August 15, 1895, 
Bear Sir : Beplying to your letter of the 14th instant, I beg to say that I will have 
a copy of the revised estimates for the canal made and forwarded to you at an early 
date. 

Very truly, yours, 

A. G. Menocal, 
CoL William Ludlow, 

United States Engineer, Chairman Nicaragua Canal Board, 



Nicaragua Canal Board, 
Army Building, New York, August 17, 1895, 

Dear Sir: The sundry civil act, approved March 2, 1895, under which the Nicara- 
gua Canal Board was organized, contains the following provisions: 

"For the purpose of ascertaining the feasilnUty, permanence, and cost of the con- 
strudum and completion of the Nicaragua Canal by the route contemplated and pro- 
vided for by an act which passed the Senate January 28, 1895, entitled 'An act to 
amend the act entitled ''An act to incorporate the Maritime Canal Company of Nica- 
lacna," approved February 20, 1889,' * • * 

"And the said Board, under such arrangements and regulations as shall be made 
hj the Secretary of State, with the approval of the President of the United States, 
shall Yisit and personally inspect the route of the canal, examine and consider the 
jplaM, profiles, sections, prisms, and speoyUatUnu/or its various parts, and report thereon 
to the Preaideat.'' 

H. Doc. 279 8 
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The Board has oomplied with the requirement for a personal insx>eotion of the 
rontej and is now engaged upon the second stage of Che investigation, viz, the 
examination and consideration of the plans, specinoations, etc., for the several parts 
of the canal and its adjuncts, as indicated by underlinings in the quotations aliK>ve 
made from the act, in order to the formation of an adequate judgment as to the 



feasibifity^ permanence, and cost of the constructions as proposed by the company. 

In entering upon the consideration of these data, it is found that your ''Report on 
the final location of the canal/' revised to January 31, 1890, is the latest official 
paper that states the general plan of the company, with eiq>lanations of the engineer- 
ing features of the projected constructions and estimates of their cost. 

It is known to the Board, from your Columbian Congress paper entitled, ''The 
Nicaragua Canal," from conversations with you and otherwise, that several material 
modifications have been made since the date of your report of 1890, in locations, 
methods of construction, and other engineering data, and it is essential, in order 
that the Board may conform to the purpose of the act, that it should know spe- 
cifically, definitely, and in detail what the company now proposes to do, according 
to its latest Information and study, and how it proposes to do it. 

The Board suggests, as a convenient means of accomplishing this with the least 
trouble to you, that you review the report of 1890, page by page, and where the 
present plans, purposes, data, and computations of the company vary from those 
given, the differences be noted and fully stated in writing, and the results traced to 
their conclusions as affecting both engineering methods and details of constmctiou. 
and the final estimates of cost. 

In the case of important constructions also, such as heavy embankments and dams, 
and the locations and dimension of weirs and sluices, etc., data and computations 
of the natural forces in question and their effects, are needful to the proper under- 
standing of the matter, as well as detail drawings of the work proposed, and the 
specifications for tbe construction of their several parts. 

The Board regrets to trouble you, when otherwise engrossed with work in yonr 
charge, but the requirements of the act, the limited time available, and the magni- 
tude and public importance of the task imposed upon the Board must serve as its 
excuse. 

Very truly, yours, 

William Ludlow, Chairman, 

Sir. A. G. Menocal, 

Chief Engineer, etc,, Brooklyn Navy- Yard. 



Nicaragua Canal Board, 
Army Building, New York, Auguet 27, 1895, 
Drar Sir : Will you please famish the Board with tracing of the western division, 
scale 400 feet to an inch, from which the blue print which wo have was madet 
If convenient, the messenger will bring it. 
Very truly, yours, 

Willlam Ludlow, Chawman, 
Mr. F. W. Bknnett, 

(Care Maritime Canal Company,) 

66 Broad Street, New York, 



Nicaragua Canal Board, 
Army Building, New York, August 19, 1896, 
Dkar Sir: Will vou be kind enough to furnish the Board with a copy of the 
detailed report made by Asst. Engineer H. C. Miller in July, 1893, and any other 
reports you may have on the subject of borings t 
Very truly, yours, 

WiLUAM Ludlow, Chairmam^ 
Mr. F. W. Bknnrtt, 

(Care the Maritime Canal Company,) 

66 Broad Street, New York. 



Nicaragua Canal Board, 
Army Building, New York, August 19, 1896. 
Dkar Sir: The Board desires to use for a few days the original map of the eaatem 
division which we saw at Groytown for the purpose of reproducing it on a smaller 
scale for the use of the Board. 
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It is iiiHlerstood that this map is very valuable, and it will be practicable to arrauge 
mr its return to yoa at the close of each day's work, if that is cousidered necessary. 
Very truly, yours, 

William Ludlow, Chairman, 
Mr. F. W. Bknnktt, 

(Care the Maritime Canal Company,) 

66 Broad Street, New York. 



Navy-Yard, New York, Augvet gl, 1895. 
Deab Sir: I beg to forward herewith copy of the revised estimates of the Nicara- 
gua Canal, as lequeeted. 

Your letter of August 17 has been received, and I will give it my consideration at 
the earliest opportunity. 
Yours, very truly, 

A. O. Menocal. 
Col. William Ludlow, 

Corp9 of Engineers, Chairman Nicaragua Canal Board. 



Nicaragua Canal Board, 
Army Building, New York, August 2S, 1895. 
DsAR Mb. Bsmnktt: The readings of the river gauge and records of rainfall at 
Camp Carazo are probably the most important that were taken by the company, and 
will be extremely useful in the consideration of the river physics. 

The Board would be glad if you would make special endeavor to procure this rec- 
ord and let us have it. 
Very truly, yours, 

William Ludlow, Chairman. 
Mr, F. W. Bknnktt, 

(Care Maritime Canal Company,) 

64 Broad Street, City. 



Nicaragua Canal Board, 
Army Building, New York, August gS, 1895. 
Dear Sir: I beg to acknowledge with thanks the receipt of your note of August 
21, forwarding, in compliance with the request of the Board, revised estimates for 
theoanal. 

Very truly, yours, 

William Ludlow, Chairman. 
Mr. A. 6. Mknogal, 

CMtf Engineer, etc., Brooklyn Navy- Yard. 



Nicaragua Canal Board, 
Army Building, New York, August 23, 1896. 

Dear Mr. Bennett: Much obliged for the profile you sent of the rainfall at Carazo 
for the six months ending December, 1888. 

Are there not records prior to this, filling out the full year, and possibly back 
of that t My understanding was that there was a complete record from December 1, 
1887. Please see if you can recover this. 
Very truly, yours, 

Willlam Ludlow, Chawman. 
Mr. F. W. Bennett, 

(Care Maritime Canal Company,) 

64 Broad Street, City. 



Nicaragua Canal Board, 
Army Building, New York, August £4, 1895. 
Dear Mb. Bennett: If practicable, the Board would like very much to know 
what was the actual cost of the work of construction done by the company, say 
uider the following heads : 
What did the rauroad, as built, cost per mile! 
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What did the dredginf^ done oost per yard! 
What did the pier cost per foott 
What did the telegraph line cost per mile t 

If yoa have this information, please fhmish it, and at the same time indicate what 
items of cost are included in the several totals. 
Very truly, yonrs, 

William Ludlow, Chairman. 
Mr. F. W. Bknnktt, 

(Care Maritime Canal Company,) 

64-^6 Broad Street, New York. 



Nicaragua Canal Board, 
Army Building, New York, Aug net jN, 1896, 
Drar Sir : It is ohserved that the revised estimates which you were good enongh 
to send the other day provide for the La Flor Dam practically as heretofore pro- 
posed, hut with the addition of a masonry core and the waste weir. 

Will yon please supplement this information by the alternative estimate for a 
canal in the western division without the aid of the La Flor Dam f 

I understood you to say when we were in Nicara^a that yon had made plans and 
estimates for this, in anticipation of the necessity for abandoning the La Flor Dam 
project. If so, the Board would be glad to receive this at your early convenience. 
Very truly, yours, 

William Ludlow, Chairman, 
Mr. A. G. Menocal, 

Chief Engineer, eto,, Brooklyn Navy 'Yard, 



Navy-Yard, Brooklyn, N, F., Angnet 96, 1895, 

Dkar Sir: Your favor of yesterday received and contents noted. I leave this 
afternoon for Washington on official business, to he gone, I think, one or two days, 
nnd can not give the matter ray immediate personal attention, but I have instructed 
Mr. Bennett to furnish you the profile and computations for the alternative plan for 
a canal in the western division without the aid of the La Flor Dam. 

In this connection I beg to say that while the result of the borings lately taken at 
La Flor shows that the original plan for a dam at that point must be considerably 
changed to meet the conditions, as shown by the borings, the company has not yet 
abandoned the idea of the dam, and will resort to a canal wholly in excavation 
thron^h the valley of Tola only when more exhaustive investigations of the physical 
conditions prove the latter to be the safest and best plan. 

The difference in the cost of the two plans under consideration would not in any 
case materially alter the total in the estimates. 

I had expected to be able to send you before now the information called for in 
your communication of August 17, but pressing official duties and inability to do 
work in the evening for the last few days compel me to ask your indulgence for a 
short time more. 
Yours, truly, 

A. G. Mknocal. 

Col. WiLUAM Ludlow, 

United Staiee Engineere, Chairman Nicaragua Canal Board, New York, 



Nicaragua Canal Board, 
Army Building, New York, August g8, 1896, 
Dear Mr. Bknnktt: Will yon be good enongh to let ns have the following data: 

1. Any tide, current, or wind observations made at Brito, showing maximum 
rimge, direction, etc. 

2. (a) The abstract of bids received for dredging, pursuant to speciftcations ; 
(h) name of contractor and amount of contract; (o) how maeh work was done 
thereunder. 

3. Any data of record with reference to the alternative location of the canal 
between Greytown and the divide, as proposed by Mr. Davis. 

It is important, if practicable, to procure the additional data with reference to the 
San Juan River gauging. Please make every effort to find this. 
Very truly, yours, 

WxLUAX Ludlow, Chairman. 
Mr. F. W. Bennett, 

(Care Maritime Canal Company,) 

64 Broai Street, CUy. 



Digitized by 



Google 



HIOARAGUA OANAL. 117 

Thb Mabitimb Canal Gompant of Niouuoua, 

64 Broad •tn$t, New York, Augtui S9, 1896. 
Dbar Sir: In Teply to your letter of August 24, asking for prices of work actually 
execated by the csAnal company I give you the figures below : 

Tbe 11.5 miles of railroad built cost $372,728.73, or $32,411.19 per mile. This 
includes msteriAl, freight, labor, subsistence, superintendenoe, and location, but 
does not include rolling stock. Tne rolling stock cost $62,789. 

727,fiBBl eabio yards of dredging was done at a cost $80,029.07, or 11 cents per yard. 
This inclodes l»bor, subsistence, fuel, oil, waste, etc., material, and every cost inci- 
dental to the 'vrork. 
937 linear feet of pier and approximately 200 feet of Jetty were built for $174,507.85. 
Allowing $lO,000 for cost of Jetty, which is not reported separately, the pier cost 
$164^.85, or 9175.57 per linear foot. 

66 miles of telegraph was built at a cost of $19,719.76, or $298.78 per mile. Labor, 
subsistence, mjateriai, superintendence, and maintenance of the line for about a 
year are ixiclad.ed in this amount. 
No contracts ^vrere let under the dredging specifications that yon have. 
RespectfoUy, 

tft F. W. Bknnkit. 
Col. Wk. Ltji>low, 

ChfUrmun Hicaragua Cmnai Board, New York. 



Nayt-Yarjd, Brooklpn, N. Y., S^temhor t, 1895. 

DsAB Sir : Your requests by ftivor of August 17 have my attention. 

Owin^; to the fact that all proposed modifications of the original plans and locatios 
of the canal have always been held, together with the original plans themselves, 
subject to snch fhrtber modifications as increased knowledge of the problem shonla 
caase to appear desirable, we have only calculated the variation of the original 
estimate made by such modifications as have yet been proposed, both as to quan- 
tities and costs, without making in all cases final detail drawings of them. 

In revising the estimates we have in some oases allowed, as is proper, a diminution 
of the unit values used in the original estimate, to make them approximate some- 
what to the unit values established by recent inventions, discoveries, and appliances 
in dxedginf; and in earth and rock work. They are not, however, reduced in any 
case to points warranted by the recognized cost to-day of similar work, but are 
maintained at a sufficiently high figure to assure the amplitude of the estimate. 

In view^ of the fact stated in the earlier part of this communication, I am not pre- 
pared to give you the detail drawings for which yon ask, but I am ^lad to furnish 
heiewith snch notes on the report of January 31, 1890, together with references to 
certain data of various kinds and computations pertinent thereto, as with that 
report and with the plans and drawings, etc., which have already been furnished 
yon, will, I trust, present in an intelligible form "what the company at present 
propoees to do, and how it proposes to do it." 

If in any respect I should fail to make either of these points clear I shall gladly 
respond to your further inquiries. 

rKotoa BbowlnS modifloatioiis made in loostloii, methods of oonetraotioii, and other eacineeriiiff data, 
IxiofeaaiMnr » In Nicaragua Caaal einoe the report of 189o!i * * 

Psgaa 1 to 6 of i^^Pp^ of January, 1890: Extensive additional surveys were made 
during the years 1890 and 1891. Also numerous borings in rock and earth on the 
azia or the canal and at the sites of the locks, dams, and embankments. 

Am the result of these investigations important local improvements were intro- 
duced in the original location of the canal, and in the locations and dimensions of 
the embankments, especially in the valleys of the Deseado and San Francisco. 

The railrosids from Greytown to Ochoa and ftom the lake to the Pacific were located 
more in detail. 

The sites of all the embankments, dams, and locks were the subject of careful 
stndiea, as is attested by the numerous cross sections shown in the detail drawings. 
These local changes have greatly improved the project, but the salient features of 
the original deaign remain practically as proposed in the report of 1890. 

Page 6 : There has been no change in the location of Locks Nos. 1 and 2. The lift 
of Lock No. 1 remains as originally proposed, 31 feet; but that of Lock No. 2 has 
been increased irom 30 to 35 feet. The valley of the Deseado from Lock No. 1 to 
Lock No. 2 is partiallv flooded by the construction of nine low earth embankments 
and a concrete dam with two sluices. Diversion channels loading to and Arom these 
sluices will take the flow of the Deseado during the construction of the embank- 
mentfl^ sjid the aloioes, together with the weirs, wUl be ample to discharge the flood 
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waters of the stream. The sluices will have two openings; 20 by 25 feet. Two con- 
crete weirs, with an aggregate length of crest of 500 feet, have been placed in two 
gaps of the sarronnding ridge. (For the discharge of weirs see Water Congress 
paper.) 

Three embankments; one across the Deseado bottom and two in the gaps of the 
confining ridge, at Lock No. 2. form the Middle Deseado Basin, 4.4 miles long. A 
sluice with two opening and diversion channels, as in the case of the lower basin, 
will be built at this point. There will be wiers with 400 feet length of crest in the 
dividing ridge. 

Lock No. *6 has been finally located just below Virginia Creek. At this point the 
hills approach so closely the banks of the Deseado that a single dam of about 700 
feet crest length will close the valley, forming the Upper Deseado Basin. Lock No. 
3, with a lift of 40 feet, is located on the south side of the stream at this point. This 
upper basin is at the summit level of the canal ; it is not so lar^e as formerly pro- 
posed, but it has ample 8Ui>erficial area to prevent undue fluctuations in the level of 
the water in the basin and in the canal white the lock is bein^ operated. This upper 
dam will be built of concrete and will contain sluices with two openings 20 by 
25 feet. A weir 400 feet long will be built in the adjoining hill to the north. 

Page 7 : The width of ihe divide-rock cut has been increased from 80 to 100 feet 
at the bottom, the slopes remaining as originally proposed for rock and earth. 

Instead of rock-fill dams, it is now proposed to build clay embankments having in 
every case a top elevation of 8 feet above the surface of the water in the basins. 
They will have a top width of 12 feet if not over 8 feet high, 18 feet if not over 15 
feet bigh, and 20 feet for all heights exceeding 15 feet. Water slopes of 3 to 1 ; dry 
slopes 2i to 1. Top and water slopes to be paved with 2 feet of well-laid stones. All 
mud and surface soil to be removed, and all embankments resting on the valleys or 
swamp level will have three parallel rows of sheet piling between abutments. (See 
detail drawings.) 

Page 9 : See remarks on page 7 for embankments. 

Six gaps will have to be closed with embankments, aggregating 3,440 feet in length, 
measurea on the valley floor, and 13,685 feet on the crest. In aadition to the above, 
there will be 51 smaller embankments, with a total length of crest of 16^745 feet. 

Three waste weirs, of total length ot 600 feet, are proposed to be built m favorable 
gaps in the confining ridge. Three sluices, with diversion channels low enough to 
drain the basin, are proposed for the flow of the Danta, San Francisco, Nicholson, 
and ChanchoB during the construction of the embankments, each sluice to have two 
openings 20 by 25 feet^ 

Page 13 : Remarks on page 7 apply to heights, sections, and method of constrnction 
of San Carlos embankments. The two larse embankments spoken of iu the text are 
to be replaced by dams of concrete, with sluices having bottom elevation of 62 feet 
above sea level, each dam to have two openings of 20 by 25 feet. 

Three weirs, with 1,200 feet total length of crest, are provided at an elevation of 
103.5 feet above sea level. 

The total number of embankments required on the San Carlos ridge is 18, having a 
total length of 4,775. 

See page 32 of paper on Nicaragua Canal, World's Columbian Water Congress. 

All rock cuts on both the eastern and western section to be 100 feet wide at bottom. 

Revised estimates to conform to these changes and provide for 10 additional miles 
of railroad from Grey town to Lock No. 1, not estimated for in the report of 1890, 
have been furnished to the Board as requested. 

I will be pleased to forward any further Information desired. 
Yours, very truly, 

A. G. Mbnogal, ChUf Engineer. 

Col. William Ludlow, U. 8. A., 

Chairman of ike Nicaragua Board, New York, 



Nicaragua Canal Board, 
Army Building, Neic York, August t9, 1896, 

Dear Sir: The Board would be glad to receive information with regard to the 
following points, to which I beg to invite attention : 

(1) According to Childs's survey, the surface level of the river at Ochoawas 56.2; 
acoordiuff to Lull's survey, the elevation was 53.75, and, as nearly as we can at 
present determine it from the company's data, the elevation at the time of Covode's 
gauging was 48.7. 

These elevations show considerable disparities; but, with regard to Childs and 
Lull, the discharge reported by Childs is about double that reported by Lull at the 
time of their respective observations. These two, therefore, may be considered aa 
fairly comparable. 
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The CoTode's dfttom, howeTer. is so much lower as to make it needfal to get aa 
explanation, if practicable, of the difference. 

CoTode'B observed flow is nearly the same as Childs's, bnt his surface level is about 
7i feet lees and 5 feet less than Lull, who was noting a much lower stage of the river. 

(2) The following discrepancies in distances are noted : 

Childs gives the distance from the lake to Ochoa at 67.72. In your part of Lull's 
report, at pages 76 and 84, this distance is given at 64.52, and on page 77 at 68.31. 
Hie cantA company's project ^ives it as 69, and the table of distances at 65.4. Some 
of these notations may be pnnter^s errors. 

We would be glad also to have information with reference to certain matters here- 
tofore discussed orally, but not, as is observed^ carried into the estimates. 

(3) Is the diversion of the Upper Deseado during construction considered necessary ; 
and if so, what plans have been made for it, and what is the costf 

(4) Similar information with regard to the Bio Frio. 

(5) Similar information with regard to the Upper Rio Grande. 

(6J What arrangements and cost to provide for the flow of the Tola in case a low- 
level canal is constructed. 

(7) Similar data with regard to the Lower Rio Grande, to prevent, if needful, the 
discharge of the valley and the weir overflow at the Tola Dam from entering the 
sea-level canal or harbor. 

(8) What is the estimated cost of the alternative low-level canal for the western 
division and its necessary adjuncts? 

With much regard, very truly, yours, 

William Ludlow, Chairman, 
Mr. A. G. Mknocal, 

Chief Engineer, etc, Brooklyn Navy-Tard, 



Nicaragua Canal Board, 
Army Building, New York, September 6, 1895, 
Dbar Sir : I beg to invite your attention to the following : 

Tout report of 1890 gives the amount of rock excavation under water in the river 
section at 398,613 cubic yards and the earth excavation under water at 2,150,900 cubic 
yards, and these same quantities are carried iorward into the revised estimate recently 
famished. 

It has been understood that the deepening to be made in the river would have a 
base width of 125 feet, with slopes of 1 on 1 in rock and in earth 3 to 1, and that the 
depth of the finished channel was to be 28 feet, with the Ochoa Dam crest at 106 feet 
sod the lake at 110. 

A computation of the quantities above referred to made in this office, according to 
the company's cross section, shows 1,424,000 cubic yards of rock and 3,464,000 cubic 
yards or earth to be excavated. 

The Board would be glad if you would have the computation remade according to 
the company's data, and advise me of the result, in order, if {)08sible, to reconcile the 
very considerable disparities existing between our computation and the estimates. 
Very truly, yours, 

William Ludlow, Chaii-man, 
Ifr. A. G. Mknocal, 

Chief Engineer f etc, Brooklyn Navy-Yard. 



Unitrd States Navy- Yard, 

New York, September 10, 1895, 
Dbar Sir: Referring to ^our letter of the 6th instant, relative to the amounts of 
rock and earth excavation m the River San Juan, I be^ to say that 1 have no reason 
to question the correctness of the computations made in your office. 

The amounts given in the report of 1890, and transmitted to the revised estimates 
lately furnished yon, were taken from the Qovernment Report of Surveys of 1885, 
and any errors that may have been made in the computations have been carried inad- 
▼erteotly from the rei>ort into the new estimates. 

It may be proper to say in this connection that excavations of rock under water 

should be estimated for only at Tore and Castillo rapids, where solid ledces are 

known to exist, the rock reported by the soundings at other places in the channel 

of the river being, in our opmion, loose stones or probably only pebbles and gravel. 

With much regard, yours, truly, 

A. G. Mknocal, 
dM Engineer, United Siatee Navy. 
CoL WiLUAM Ludlow, 

United Statee Engineere, Chairman Nicaragua Canal Board, 
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NlCAKAOUA CAKAL BOAKD, 

Army Building, New York, September 10, 1896. 
Dear Sir: Referriniir to yonr letter of September 2. faniishing certain data with 
regard to the revised estimates recently prepared, the Bonrd regrets that final detail 
and construction drawings can not be furnished, and that no reference is made to 
the methods of construction to be employed in the case of the Oohoa and La Flor 
dams and the San Francisco embankments, but desires to avail itself of yonr offer 
of further information on the following points, viz: 

(1) What are the reasons for adopting 120 feet as the bottom width for the Groy- 
town Canal and other sections, and would not a less bottom width of, say, 100 feet, 
with turn-outs at suitable intervals, answer the purpose as well as the broader sec- 
tion without turn-outs t 

(2) Why is 28 feet estimated at the Aill depth in the Greytown Canal and Harbor, 
the remainder of the navigation being apparently designed for a depth of SO feet? 

(3) What are the full depths and widths proposed for the several sections of the 
navigation A*om sea to sea, and f^om what datum plane of reference are the deptlis 
measured in the several cases f 

(4) What are the depths and widths as actually provided for in the estimates, and 
to what datum plane are the computations made in the several sections? If the 
estimates in any case do not provide for securing the full depth, as proposed, what 
additions should be made to tliem for this purpose? 

(5) In the outer harbor dredging at Greytown and Brito, is additional deepening 
considered necessary to allow for the rise and fall of waves, and what additions to 
the estimates are needed to provide for this? 

(6^ What is the minimum radius allowed for curvature in the navigation; what 
bends are to be out off in the River San Juan, and what are the cross sections, bor- 
ings, or other data on which the estimate of 422,500 cubic yards of earth excavation 
above water in the river valley is based? 

(7) What terminal and landing facilities, if any, are to be provided at the two har- 
bors and on the lake prior to the completion of the Brito and Greytown entrances, 
for the purpose of delivering and forwarding constmotion material, machinery, etc. ; 
also, what wharves, shops, roundhouses, storehouses, etc., is it expected to construct, 
and at what estimated cost? 

(8) What are the details of railwavs, sidings, etc., required to handle and distrlb- 
nte the materials of the two divides? 

(9) What are the plant, appliances, organization, and methods to be used in the 
eonstruction of the Ochoa and La Flor dams, including the deposit and arrangement 
of the materials, and what special means, if any, are proposed to secure the stability 
and permanence of these dams? 

(10) What are the similar details with regard to tiie construction of the San Fran- 
eisoo and other embankments, and what precautions are to be taken to secure the 
solidification, impermeability, and maintenance of these structures? 

(11) What are the present plans of the company with regard to the proposed change 
in position of the Chanchos embankment, it being understood that a new line has 
been found more advantageous than the present one? 

(12) Has any change been made in the section of earth cuts between the east divide 
and Ochoa, scheduled as 80 feet wide in the report of 1890? 

(13) Why are the fender wales, etc^ omitted in the recent estimates in the rock outs ? 

(14) Is it still intended to use the Ochoa Dam as a weir; and if not, what provision 
is to be made for the flow of the river? 

(15) In the 1895 estimate for the Ochoa Dam it is observed that all the sheet piling, 
guides, etc., included in the 1890 estimate, and amounting to some f65,000, are 
omitted. Is this omission intentional? 

(16) The 1890 estimate includes an item of over $600,000 for trestles to be used in 
the construction of the San Francisco embankments, and ^,000 in the Deseiido 
embankment. The 1895 estimate omits these items without making any change in 
the unit price of earth embankment. Should not this price be inareased if no 
provision Is made for depositing the material? 

(17) It would be desirable to nave full details of the recently proposed San Carlos 
sluices, showing construction as well as their relation to the valley contours north 
and south of them, with elevations of the river and canal surfaces, etc. 

(18) Final detailed drawings of the locks are desired, if procurable, with the view 
to the consideration of their dimensions and arrangements. 

(19) Also such final detailed drawings as have been made of any portion of the 
work. 

(20) In case of a low-level canal in the western division, what are the sections in 
various portions of it, and what passing places, if any, are to be provided, and with 
what width and length and at what distances apart ? 

(21) What further changes, if any^ are proposed in the position of locks, with 



Digitized by 



Google 



NtCARAOUA CANAL. 121 

•peeial rcferenee to the Bosition of Lock No. 6, in view of the deep mnd bottom at 
that point as shown by the borineB. 

(22) Refening to your letter ot^Aagnet 25, and particalarly to the atatement that 
the oonstmction of the La Flor Dam would only be abandoned when more exhaast- 
ire iDTestigationa of the physical conditions prove that it wonld be safer to do so, 
the Board would be glad to be advised as to what further and additional surreys, 
gangingB, borings, etc., the company proposes at the site of the La Flor Dam au(l 
olaewhere, and at what points and for what special purposes these are to be made. 

(23) What is the area of the lands above the La Flor Dam which wonld be over- 
flowed by its construction, and what is the estimate of the damages to be paid? 

(24) It is understood that the purpose of building the Ochoa Dam to elevation 
106 is to maintain the level of the lake permanently at not less than 110. Upon 
what basis is it computed that the dam will accomplish thist 

(25) With the lake maintained at 110 as a minimum elevation, what elevation is 
it expected to reach at maximum high water, and how is this computed 7 

(26) With the lake at 110, what area will be overflowed in the lake and river 
vaJleya, and what additional area during high lake, and what would be the damage 
as computed t 

(27) What are the proportionate components to be used in the concrete for which 
estimates have been madet 

(28) Frequent reference is made in the canal publications to the engineers and 
boards of engineers, American and foreign, other than the Bogart Board, who have 
made reports on the company's plans and estimates. If such reports have been 
made, can they be furnished t 

(29) In replying will yon be kind enough to refer to the individual paragraphs by 
their number f 

The information reguested is important, as having a direct bearing upon the con- 
straction and estimates of cost of the canal, and the Board would be glad to receive 
it at your early convenience. 
*Very truly, yours, 

WiLUAM Ludlow, Chairman, 
Mr. A. G. Menocal, 

Ckitf Engineer, ete., Brooklyn Navff-Tard, 



United States Navy-Yard, 
Neto Toi% September 10, 1896, 
Dear Sir: Referring to your letter of August 29, relative to reported discrep-* 
ancies in the level of the river San Juan at Ochoa, and also to distance of that 
point from the lake, and gther information, I beg to say : 

(1) That I have not the report of Childs's survey before me but if I had it I could 
not attempt to explain discrepancies or errors in the levels given by him. 

(2) That the levels given on the plan and in the reports of the Nicaragua Canal 
Company have been repeatedly checked between the sea level and the river San 
Joan at Ochoa, and are believed to be correct. 

(3) Lull's levels were not checked, yet it appears from his profile that the level of 
the San Jnan at Ochoa^ at low water, does not differ materially from. that given by 
the company. 

(4) I have been unable to find on pages 76 and 84, of my part of LnlFs report, the 
distances from the lake to Ochoa as given in your letter. The canal company's pro- 
file was made from the Government survey of the river and should very nearly coin- 
cide with that given by Lull. The distance of 64.50 miles given in the table of dis- 
tances does not agree with the profile, and is either a printer's error, which by nn 
oversight has been carried forward, or the result of scaling oif the distauces along 
the sailing line on the old Government plan, much shrunk by age and exposure. Tlie 
error mi^ht be traced back if desired, but I regard it of no practical importance in 
considering the practicability and estimated cost of the canal. 

(9) The diversion of the upper Desea<lo may be found necessary during the prog- 
ress of the excavations in tne ''divide." If so, it can be done at little cost, and 
Bhonld be paid for by the contractor as part of his work of preparation. 

(6) The diversion of the Rio Frio, if found necessary after raising the level to 110 
liMt (which is regarded as very doubtful), would be an inexpensive work» and in 
my opinion should not be undertaken until its necessity has been demonstrated by 
experience. 

(7) Plan and estimates for the diversion of the upper Kio Grande, should such work 
be found necessary, have been forwarded you. 

(8) In case a low-level canal is constructed in the valley of Tola, the small stream 
of that name can be taken into the canal by a weir and discharged into the Bio 



Digitized by 



Goo qIc 



122 NICARAGUA CANAL. 

Grande jnst below the Tola. The cost of this weir has been included in the esti- 
mate for the canal. 

(9) I see no reason why the lower Bio Grande should be prerented from discharg- 
ing into the upper harbor of Brito. 

(10) Estimated cost of the altematiye low-leyel canal for the western division has 
been sent to yon. 

Yours, truly, A. G. Menocal, 

Civil EngiMeor, United Statea Navy. 

Col. WlIXIAM LUDLOWi 

United States Engineere, Chainnan Nicaragua Canal Board, 



Nicaragua Canal Board, 
Army Building, New York, September II, 1895. 
Dbak Sir. Referring to the recent estimates for the construction of the La Flor 
Dam and Locks 4 and 5, will you please give the Board information as to the fol- 
lowing points : . 

(1) What provision is to be made for the discharge of the valley drainage during 
the construction of the dam, including excavation, sheet piling, concrete core 
wall, etc. t 

(2) What is the composition of the masonry walls at the head of Look 4, which is 
charged at $10 per cubic yardf 

(3) The item for machinery for Locks 4 and 5 is reduced from $150,000 in the 1890 
estimate to $100,000 in the 1895 estimate, which is the estimate for each of the single 
locks. Is the reduction intentional, or does the item need correction t 

Very truly, yours, 

William Ludlow, Chairman, 
Mr. A. G. Menogal, 

Chirf Engineer, etc., Brooklyn Navy- Yard. 



Navy- Yard, New York, September 16, 1895. 
Dkar Sir: Referring to your letter of the 11th instant, I beg to answer the ques- 
tions therein contained, as follows : 

(1) No definite plans have yet been adopted for the La Flor Dam, the final solution 
of tne problem being still under consideration, pending more exhaustive investiga- 
tions of tiie physical conditions at the site. No provisions for the discharge of the 
valley drainage during construction of the rock-fill dam^ originally estimated for, 
were regarded necessary, but the deep borings made later show that this system of 
construction is not well adapted at that point, and the estimates for that work as it 
now stands should be taken as a rough approximation. 

(2) The wall at the head of Lock No. 4 is estimated as rubble, built in cement 
mortar. 

(3) The estimate for machinery for Locks 4 and 5 was intentionally reduced from 
$150,000 to $100,000, an amount regarded as ample for this case and excessive for the 
single locks. If a correction is made in the estimate, the latter amount should be 
reduced, I think, to $80,000 for single locks. 

Yours, very truly, 

A. G. IfSNOGAU 

Col. William Ludlow, U. S. A. 

Chairman of the Nicaragua Canal Board, New York. 



NiOARAGUA Canal Board, 
Army Building, New York, September 11, 1895. 
Dear Sir : Have you any plans or other data with reference to the system of 
lighting the navigation which will indicate the position and arrangement of the 
lights, buoys, etc., included in the estimate? 
Very truly, yours, 

Wiluam Ludlow, Chairman. 
Mr. A. G. Menocal, 

Chi^ Engineer, etc., Brooklyn Navy-Yard. 
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Nicaragua Canal Board, 
Army Buildingy New york, September 14, 1895, 
Dear Mr. Bennett: Will you be good enough to send the Board the original plan 
ind profile of the Peary survey, and any other data ^on have in connection with it, 
inelnding estimates, and if there is a report on the line we wonld like to have that 
also. 

Very truly, yours, 

William Ludlow, Chairman, 
Mr. P. W. Bennett, 

(Care Maritime Canal Company,) 

64 Broad Street, Citn. 



The Maritime Canal Compant op Nicaragua, 
64 and 66 liroad Street, New York, September 14, 1895. 
Dear Sir: Your letter of this date is received. 

Tea have already a portion of the data of the ''Lower" route, and I will get 
together the remainder as soon as I finish the drawing of the San Carlos sluices, etc. 
This data is very much scattered, as the company deemed this route less practi- 
cable for its purposes than the other, and therefore did not consider it necessary to 
embody it in any complete map and profile. 
It will be a matter of considerable time to get this data together. 
Yonrs, respectfully, 

P. W. Bennett. 
Col. Wm. Ludix)w, 

Chairman, Nicaragua Canal Board. 



New York, September 14, 1896. 
Dear Sir: Referring to your communication of the 10th instant, I beg to trans- 
mit herewith the information called for, as follows : 

(1) It is believed that a canal 120 feet wide at the bottom will offer greater fskciU 
ities to the passage of ships traveling in opposite directions than a less bottom width 
with tum-ont at intervals, as the latter system would compel ships to come to a 
stop at the meeting places. The plan suggested by you would be more economical 
ana might be adopted at the start, having in view the final enlargement of the 
prism, as has been done at Suez, when the traffic requires it. 

(2) The harbor of Greytown has been estimated at a depth of 30 feet, using as a 
basis for the computations the soundings given and the datum established by Lieu- 
tenant Maxwell in his survey of the harbor, which is low water. In this connection 
it is proper to explain that in the revision of the estimates made in 1890 the amount 
of excavation computed for 30 feet depth over the whole area was Included, but 
through oversight the text of the original report made in 1888 was not corrected to 
conform to the depth as increased in the estimate. In the Greytown section of the 
eanal, in the river San Juan, and between Lock No. 6 and Brito Harbor, a depth of 
28 feet has been estimated, for the reasons, firstly, that such a depth is regarded as 
quite sufllcient for the traffic, as has been shown by experience in the mc^em ship 
canals of the world; and, secondly, because the deptns therein can be readily 
increased to 30 feet later on, if found necessary. 

(3) Attached please find a table showing the full depth and widths proposed for 
the several sections of the navigation from sea to sea, with expression of the datum 
plane cf xeferenoe, from which the depths in the several sections are measured. 
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Table ehowing the dimenaione of the several eectUme of the proposed canal. 



Bection of canal. 


Length. 


Width, 
top. 


Width, 
bottom. 


Depth. 


Area of 
prisiD. 


Datum plane of 
reference. 


Groytowii to Lock No. 1 .............. 


MiUt. 
0.297 

1.203 

.165 

4.263 
2.917 

.649 

1.337 

n.l63 

37.22 

29.25 


FmI. 
288 

210 
210 


yeet. 
120 

120 
120 


Feet. 
28.5 

80 

30 


Sq.fut. 

4,050 
4.950 


Mean level of Grey- 
town lasfooa which 
is 0.271 feet above 
mean sea level. 

-f 31 feet above mean 
sea level. 

+ 66 feet above mean 
sea level. 
Do. 


Lock No. 1 to Lock No. 2, canal 

Lock No. 2 to Lock No. 3, canal 

Look No. 2 to Lock No. 8, basin 


Lock No. 3 to weatem end of Eastern 

Divide Cat, canal. 
J,f>c.\c Ko, B to 'woetem end of ICastem 


100 


100 


20 


8.000 


+106feetabovemean 
sea level. 
Do. 


Divide Cut, Deseado Basin. 
Western end of Divide Cat to Ochoa, 

canal. 
Western end of Divide Cat to Ochoa, 

San Francisco Basin. 
River San Joan to Tore Rapids 

River San Juan where dredging is 

needed. 
X/ake Nicaragna .....r.... 


184 


80 


80 


8.673 


Do. 
Do. 










The inclined plane 
between 110 ftet at 
lake and 106 feet 
atOohoa. 

+ 110 feet above mean 
sea level. 
Do. 
Do. 





126 

160 

120 
100 
80 


28 




Lake to Western Divide Cut, canal... 
Western Divide Cut, canal 


L&44 
4.924 
2.619 

6.455 

1.591 

.670 


210 
100 
184 


30 
30 
30 


4,050 
3,000 
8,673 


Divide Cut to east end of Tola Basin, 

canal. 
East end of Tola Basin to liock No. 4. 


Do. 
Do. 


basin. 
Lock No. 5 to Lock No. 6, canal 

Look Na 6 to harbor of Brito, canal .. 


184 


80 
120 


80 
28 


8,678 


+ 26 feet above mean 

sea level. 
Mean low water. 



(4) The depth and width as actually provided for in the estimates, and the datnm 
plane to which the computations are made, are given in the table refon'ed to in 
answer 3. As the estimates provide for securing the whole depth proposed no 
addition to the estimates are requisite. 

(6) Dredging in the outer harbors at Greytown and Brito has been estimated at 30 
feet depth below low water, and no additional deepening is regarded as necessary to 
provide for the rise and fall of the waves. The entrance channel at Greytown is 
proposed to be excavated t«) the 5-fathom curve and the breakwater has been estimated 
to extend also to that depth, or a distance of about 2,100 feet from the coast line at 
the time of Maxwell's survey. At Brito the depth at the entrance between pier heads 
will be about 40 feet. The additional length of pier to the 6-fathom curve has not 
been estimated for. 

(6) The minimum radius of curvature in the canal in excavation is 3,820 feet or 
1° 30' curve. In the river San Juan there is one curve or bend above Castillo with 
a radius of curvature in the sailing line of 2,250 feet» and others of abont 3,000 feet 
radius. The amount of 422,500 cubic yards estimated above water in river section is 
intended to provide for cutting off the bends at Castillo and Toro. This estimate is 
not based on actual cross sections and borings. The quantities are only approximate, 
but they are believed to bo liberal enough to cover all contingencies, should the 
cutting off of the bends be determined necessary. The necessity is regarded as 
doubtful. 

(7) Temporary terminal and landing facilities at the two harbors and the lake, 
prior to the completion of the Brito and Greytown entrances, have not been estimated 
J'or separately ; they, together with shops, etc., form part of the work of installa- 
tion, and their cast is included in the estimates and should be charged to the various 
works as part of their cost. For shops, hospitals, etc., provision is made in the 
large amount allowed for contingencies partly to cover these items of expense and 
others, which can not be enumerated and described in detail at the present stage of 
the project. At Brito ships can lie offshore with safety and comfort, and it is 
believed that good lighters and tugs of light draft, material, machinery, etc., 
can be brought into the river section at every high tide with little trouble and 
expense. Considerable mahogany and other lumber has been shipped from that 
place, and I have the testimony of those engaged in the business that they expe- 
rienced but little inconvenience. At Greytown tne canal company has had experience 
in the past in landing material under difficulties, bu^ while comparatively expensive 
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and Inconvenient at times, the system of lighten and tags employed gave satisfactory 
results. 

(8) No attempt has been made to enter into the details of branch railways, tracks, 
sidings, etc., required to handle and dump the materials of the two divide cuts. The 
estimates provide for railroad from Grey to wn to Ochoa and from the lake to the Pacific, 
by which materials from the excavations needed for the various works can be dis- 
tributed along the line, but the temporary sidings and tracks are considered part of 
the contractors plant and will have to conform to the methods employed by them 
for doing the work. 

(9) The plant and appliances for the construction of the Ochoa Dam will consist 
in the necessary sidings to receive and dispatch trains, and in cableways, slings, 
chain nets and boxes, buckets or platforms, etc., to handle the material. The mate- 
rial will consist of large and small rock. The largo blocks of stone, weighing from 
4 to 10 or more tons to form the main body of the dam, the smaller material to fiU 
the voids, and the whole to make up a closely compacted mass. 

The abntments are to be protected against erosion by sheet piles, penetrating into 
the hills, and below the bed of the river to hard material. Well- rammed concrete 
will be deposited in trenches between the rows of sheet piles. 

To shorten this communication I beg to invite your attention to the following, 
pages 28, 29^ and 30 of my paper presented to the World's Water Congress at Chi- 
cago, in which is explainea the method proposed for depositing the material during 
construction of dam. 

**The Oehoa and Tola dams are the keys controlling this great problem at the east 
and west ends of the summit level, and should not be passed without special notice, 
particularly so the former, in which a novel method of construction is contemplated. 
This work has been for years the subject of long study and careful consideration. 
The diversion of the river San Juan is well nigh impossible ; and construction by the 
usual methods, with either cut stone or concrete, of so important a work in oppo- 
sition to the mighty power of the stream, is a problem involving the most serious 
difficulties. It was at first proposed to build a stone dam upon a series of arches 
supported by tiers st-arting from the foundation, through which the water could flow 
freely during the construction of the main part of the structure, these openings to 
he closed by gates in the upper side when the upper part of the dam, its approaches, 
and aprons, were completed ; and then to be filled with masonry from the lower side 
while the water was rising in the basin. 

''This was, perhaps, as a practical solution, probably the best under the circum- 
stances for that style of dam, but its execution would be tedious, difficult, and 
expensive, and there was to be always present an element of doubt not easy to elim- 
inate aa to the final success. The building of the foundations and pilasters for the 
support of the arches in constant contention with the whole river would be a most 
difficult nndertaking, in which the items of time and cost would remain unknown 
quantities to its completion. Another idea has since been suggested, which seems 
to embody simplicity, economy, and safety. It consists in dumping from an aerial 
suspension convevor large and small material, properly assorted, across the river 
from bank to bank until a barrier is created sufficiently high and strong to arrest 
the flow and hold the water at the required level ; the body of the dam to be made 
up of large blocks of stone, weighing from 1 to 10 tons, and smaller material to fill 
the voids. Its base will be quite broad as compared with the height, probably from 
400 to 500 feet between the foot of the upstream slope and the end of the apron. 
The top is estimated 30 feet wide, the rock upstream slope 1 to 1, and the apron 
downstream slope 4 to 1, with the lower portion flattening down to 5 or 6 to 1. On 
the apstream side small material, such as stone fragments, gravel, clay, etc., selected 
as drcomstances may require, will be deposited, as the work advances, in sufficient 
quantity to make the dam as tight as wanted. It is not expected or even desirable 
to have a water-tight structure, the object sought being simply to oppose such an 
obetmction to the river as may be necessary to hold the water at the required level. 
The nunimnm flow of the river is about ten times the water needed for working the 
canal; consequently, nine-tenths of it can be wasted with advantage. That the 
dam will eventually become tight there can be no doubt, as the small drifts and 
detritus forced in by the currents will gradually fill the voids and consolidate the 
stroctoTe. 

"The method of construction will be quite simple. After protecting the abnt- 
nents ajpiinst possible erosion, large pieces of rock will be dumped in the bed of the 
stream from three to four cableways spanning the valley. The material should be 
distributed uniformly over the area under the main portion of the dam, commencing 
apstream, and keeping up, as nearly as possible, an even level. Scouring will soon 
cause settling of the mocKs into firmer soil, the upper level in the meantime being 
constantly raised by depositing more stone, while tne small material is being forced 
by the current into the voids, and the overflow dislodging and rearranging the 
unstable blocks until they reach a final resting place. This process to be oontmned 
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until the resistance at the bottom becomes so great as to check scooring dae to 
maximum pressure, when the dam will be carried up to the desired level. The river, 
in the meantime running over the mound, will readjust the material in and adapt 
the apron to the necessary conditions of stability to withstand the effect of the fall 
and carry off the water safely. If the dam is then raised so as to shut off a whole or 
the largest part of the river flow, which can by that time be discharged over the 
waste weirs, the structure will be permanent. 

"If the river is not able to prevent the completion of this work, having, on the 
contrary, greatly contributed to its construction by a better distribution and con- 
solidation of the material, now that the waters are diverted to another outlet, no 
fear need be entertained as to injury ftom that source. There may be some set- 
tlement and final readjustment of the component parts for some time after comple- 
tion, but that can be easily remedied bv depositing more material where needed. 
It is belieyed that this dam will be sa&r, as it is by far more economical, than a 
stone dam. An earthquake may cause serious damage to a masonry dam, but it can 
do no harm to this. On the contrary, it may add to its consolidation by bringing 
the parts in closer contact. There are no cemented joints to be opened, and a 
seismic disturbance would have a tendency to compact rather than to disintegrate 
the large mass. The rock for the dam will be brought by rail from the divide and 
delivered immediately under the wire cables, each one of which will be capable of 
handling and depositing about 1,000 tons in ten hours. Consequently, the work can 
be completed in from lour to five years and, if it need be, in less time/' 

The stability and permanence of this dam is inherent in the mass and weight and 
in the ^eat friction or resistance opposed to the flow of water through the mass or 
under its foundation. 

There will necessarily be some modifications in the details of construction during 
the jprogress of the work, but it is believed that the plan soggested will meet the 
requirements. 

As regards La Flor Dam, no detailed plan for its construction can be finally 
decided upon until a more extensive study of the physical conditions at the site have 
been made and the type and heiKht of dam to be built decided upon. As I had occa- 
sion to explain to the Board while on the ground, this matter is still under considera- 
tion, and the estimates for the work are only approximate. If the dam is built, it 
will probably consist of an earth embankment with a concrete core, and, with the 
exception of some special precautions in the foundations, its plan and method of con- 
struction need not differ materially fi'om similar work elsewhere. 

(10) The embankments in the San Francisco and other sections of the canal are 
proposed to be of solid clay, compacted by rolling in layers of from 6 to 9 inches 
thick, or by other approved engineering methods best adapted to meet the require- 
ments in each case, the site being previously stripped of roots and loose soil and well 
drained. 

In the high embankments all the mud will be removed until the stiff clay bottom 
is laid bare, the pit being kept dry by pumping, if necessary, and the streams drained 
through the adjoining sluices. Two rows of tongued and grooved sheet piles, 8 inches 
thick and 40 feet long, will then be driven in the bottom of the trench between and 
up the slopes of the abutment hills. The filling will then be started, as described, 
until it reaches a height of about 20 feet above the bottom, when another row of 
sheet piles will be driven in the center of the embankment, penetrating about 20 
feet below the bottom and extending into the abutting hills, the trench to have a 
bottom width corresponding to the base of the embauKments with the slopes pro- 
posed, the triangular sides in the pit to be filled with the same material and by the 
same methods employed in building the embankments against the natural slopes of 
the ground, or the bulkhead that maybe needed in some cases, to keep off the water 
and loose soil from the excavations. 

The smaller embankments proposed to close gaps in the surrounding ridges will 
also be built of clay, the ground being previously cleared of roots and loose soil and 
stepped off, so as to prevent slides and to break joints. I will not occupy your time 
with a minute description of these low embankments. They need not differ from 
similar works properly built for similar purposes elsewhere, and call for no special 
methods in engineering. 

The water slopes and the top of the embankments wiU be paved with hand-packed 
stone 2 feet thick, and the dry slope will be planted with grass as fast as the materiid 
consolidates. No additional precautions, it is believed, are needed to insure the 
impermeability and maintenance of these structures. 

(11) The company has reached no final conclusions with regard to the proposed 
change in the position of the Chanchos embankments. A new and more nvorable 
location as to foundation and height of embankment has been found some distance 
up the valley, but work by the company was suspended before the final survey of 
the site was completed, ana no change has yet been made in the plans and estimates. 

(12) There has been no change made in the sections for earth cuts between the east 
divide and Oohoa. The original estimate of 80 feet wide at bottom is still retained. 
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(13) FendoT wales are not regarded as necessary in the rock cnte 100 feet wide. 

(14) I can see no reason why a portion of the sarplns water should not be dis- 
eharred over the Ochoa Dam. This, however, is not a necessary condition of the 
probleni, as the dam can be raised above flood level and all the sarplns water dis- 
charged by the sluices and weirs provided in the estimate. 

(15) The omission of the sheet piling, guides, etc., in the revised estimates of 1895 
WIS unintentional and a clerical error. The amount of $65,000 should be added to 
the estimate on account of it. 

(16) The trestles estimated for in 1890 in connection with the San Francisco and 
Deseado embankments were intended for dumping rock into therock fills and not earth 
for ti^e embankments. As all the embankments are now estimated of earth, the 
trestles are no longer needed. This involves no change in the unit price of earth 
embankment. 

(17) Copy of drawings of the San Carlos sluices will be fomished you as soon as 
they can be gotten ready. 

It is proper to say in this connection, and in reference to ^our queries (18) and (19) 
that the company suspended operations and discharged its force of engineers and 
draftsmen just as the final detailed surveys at the site of dams, locks, embankments, 
etc., were being completed, the borings at La Flor being the last work done after 
operations on the canal had been stopped. For these reasons many detail drawings 
of the work, such as you call for, were not completed, and in some instances not 
even commenced. To go into the labor and expense of preparing working drawings 
for such important works before the field of improvement had been exhausted and 
aH necessary data accumulated was regarded as a useless expense. 

(18) and (19) Attention invited to (17). 

(20) In case of a low-level canal in western division the sections will be as follows: 
Fmm the lake to Station 449 -f 12 the prisms are identical for both the high and low 
level routes. 

From 449 -{- 12 to the tidal lock the width at bottom is 120 feet with slopes li to 1. 
exeept for 1,975 feet below Lock No. 4a, in which the width is 100 feet. No special 
provision is made for turn-outs, llie wide section affords ample space. 

(21) The changes contemplated in the positions of locks are, first, for Lock No. 6, 
near Brito. It is believed that by changing the location up the valley nearer to 
La Flor, or by diverting the present location of the canal so as to bring the lock 
close to the foothills of the coast range, more favorable foundations can be obtained 
than is shown by the last borings taken on the present site. These changes would 
not alter materially the estimate of canal excavation. Secondly, changes m Locks 4 
and 5 oontinf^nt on modifications of the plan for the La Flor Dam. 

(22) Additional investigations at the site of the La Flor Dam will consist mainly 
in sinking pits and borings for the purpose of obtaining more extensive information 
aa to the seological formation than acquired by the borings already taken there. 

If the cuun plan is adhered to, some survey will be n^ed to locate a diversion 
channel, tunnel, and sluice for the flow of the Rio Grande during construction, and 
for better control of the surplus waters afterwards. The diversion of the stream 
was not re^^arded necessary in connection with the originally proposed rock-fill dam, 
aeonstmction not well adapted to the physical conditions shown by the last borings. 

The laat clause of this question is too broad to admit of an answer in detail. I 
should say that the company should make additional local surveys, borings, gang- 
ings, etc., at all points where its information concerning what isnowproporoa is not 
thoroughly conclusive. 

In a work of this magnitude, involving the construction of numerous works of 
various kinds, and under different conditions, in a new country, there is a vast field 
for investigation by the engineer, both while planning and during construction, 
which can not be regarded as exhausted until his work is finished. It is impossible, 
therefore, to state at the nresent stage of the enterprise what additional surveys, 
gauginga, borings, etc., tne company proposes along the whole route, nor at what 
points nor for what special purposes these are to be made. 

(23) The area of the lands above the La Flor Dam which would be overflowed by 
its construction is ^il26 acres. The estimated cost of the damages for the area in 
excess of the right oi way through the basin, already paid for by the company under 
s stipulation of the concession, is $50,000. 

(24) Owing to the constant changes in flows and section of the river, its slope 
when dammed can not be established with mathematical precision. The slope 
assumed to determine the elevation of not less than 110 at the lake is mainly based 
on observations of the fftll of the river fh>m the lake to Tore and from Machuca, 
through the Aguas Muertas, to the confluence of the San Carlos, which in both cases 
is determined bv natural obstacles. From the data thus obtained is mainly estimated 
the elevation which the obstruction of the dam at Ochoa will produce at the lake. 

(25) With the lake maintained ttl llO aa a minimum elsTatioiiy its fluctuations 
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Above that level can be controlled anil kept within desired limits. With existing 
conditions at Toro, which may be regarded as the weir controlling the lake, the lake 
and river have necessarily to rise considerably in order to create sofficieut sectional 
area to carry off the flow at high water. 

These conditions will be greatly modified by the proposed excavations in the lake and 
rivcT; which will add aboat 2,000 s<]^aare feet to the channel at Toro, or about 80 and — 
yer cent, respectively, at low and high water, thereby increasing in tiie same propor- 
tion the lake discharge without a proportional increase of head. But the main con- 
trolling element of lake level is to be found on the west side, where about 60 per 
cent of the difference of the lake discharge between low and high water can be dis- 
charged through that section of the canal, with a velocity not exceeding 2 miles an 
hoar in the narrow sections, and by weirs and sluices and through the locks dis- 
charged in the lower Rio Grande and through the latter and the canal into the 
Pacific. It is believed, therefore, that with exercise of sound judgment in the appli- 
cation of these means the lake can be so controlled that its level need not vary more 
than a foot or two. 

(26) No attempt has been made to ascertain what area will be overflowed in the 
]ake and river valleys when the lake is at 110 or above that level. No awards for 
damages are anticipated. 

(27) The proportionate components to be used in the concrete for which estimates 
have been made will be controlled by the nature of the components and the condi- 
tions of the work and of the locality in which the concrete is to be need. If the 
object ia to find the basis for the price given in the estimate, I will say that the aver- 
age proportionate components will be 1, 2, 5, best Portland cement being used. 

(28) The reports made by engineers, American and foreign, other than the Bogart 
Board, have been made to the parties who employed them and not to the canal corn- 
pan v. They are not accessible to the company, and although we have been iulbrmed 
of their favorable character we can not furnish them. 

I remain, with much regard, very truly, yours, 

A. G. Menogal, Chief Engineer. 
Col. WiLLiA-M Ludlow, 

United SUUm En§ineei^, Chairmam NieartipM Canal Board, 



Navv-Yard, New York, September 16, 1S95, 
Dear Sir: Replying to your letter of the 11th instant, relative to the estimate 
for lighting the navigation, I beg to say that the preliminary arrangements and 
estimates for lights, buoys, etc., were made by Lieut W. I. Chambers, U. 8. N., 
and that as his work could only be regarded as an approximation, his plans and 
other data with reference to the system were not retained by tiie company, and if 
in existence they are in his possession. 
Very truly, yours, 

A. G. Mknocal. 
Col. William Ludlow, Esq., 

Cha^TTMm of ike Nicaragua Canal Board, New York, 



The Maritime Canal Company of Nicaragua, 
S4 and 56 Broad Street, New York, September tO, 1S95, 
Dear Sir : Your request, by favor of 14th instant to Mr. F. W. Bennett, has my 
attention. 

Mr. Bennett has made careful search through all the comnany's maps, etc., and 
reports that there does not exist any original plan and profile of the lower route, 
and from such little knowledge as I possess I am entirely sure that none was ever 
made. 

All that he finds pertaining to it are the original field charts and profiles in sec- 
tions, which Mr. Bennett will hand yon herewith. Even these are not continuous, 
some sections in awamps being omitted. The datum of levels differs in each, and 
they have not been reduced to sea level, as you will at once perceive. 

It appears that after the report made by the board of engineers upon the two 
routes, of which Mr. Menocal has spoken to yon, but which, by the way, I am 
unable to find, the ccmpany considered the lower rente so manifestly inferior that 
they adopted the upper, the route now under consideration, and from that time 
abandoned further study of the lower route. 

Yours, respectfully, Tho6. B, Atkins, 

iSsoTftoiy. 
Col. William Ludix)w, 

Ckaknaan of ike Nicaragua Canal Board. 
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Nicaragua Canal Board, 
Army Building, New TorJc, September g7, 1896, 
Dear Mr. Bknnictt: In going over the borings for the eastern divide, the original 
Dotee for many of these are missing. Will you be kind enough to see if the remain- 
der can be furnished? I am informed also that all of the boring were copied out of 
the notebooks into a special record book. Will you please see if this can be reoov- 
eied, and let us have itt 
Very imly, youiB, 

WnjJAH Ludlow, CAaiiinaw. 
Mr. F. W. Beknxtt, 

(Care Maritime Canal Company), 

64 Broad Street, City. 



Nicaragua Canal Board, 
Amiy Building, New York, September S7, 1896. 
Dear Bfr : In checking the computation for the lake dredging on the basis of SO 
feet depth with the eompany's cross Rection, it is found that the quantity exceeds 
that stated in the estimate of 1890 and 1895 by nearly a million of yards. 

The discrepancy may perhaps be accounted for on the supposition that the depth 
assumed in the compan^s estimate was 28 feet instead of 30, conforming to the pro- 
posed depth in the san Juan River below. 

Please let us know if this be the fact, and at what reference above mean sea leve] 
or below 110 the bed of the lake channel is provided for. 
With much regard, very truly, yours, 

WiLUAH Ludlow, Chairmam. 
Mr. A. G. MiCKOCAL, 

Chief Engineer, etc., Brooklyn Navy-Yard, 



Unitkd States Navt-Yard, 
New York, September SO, 1896, 
Dkar Sir: Beplying to your favor of the 27th instant, relative to dredging in the 
lake, I beg to say that the company's computations were made for a channel extend- 
ing 72,000 feet into the lake to a depth of 22.6 below lake level at 102.6, or for a depth 
of 30 feet below 110. 

I have not before me the original computation for the dredging required, but I have 
directed Mr. Bennett to show you the chart of the lake, showing soundings made bv 
Lieutenant Maxwell, and the proposed channel laid thereon ; and I trust that a veri- 
fication of the computations made in your office, based on this data, will show that 
the discrepancy, as compared with the company's statement, is not so large as it 
appeared from the first computations. 
With much regard, very truly, 

A. Or* MenocaIm 
CoL William Ludlow, 

XJmited States Engineers, Chairman Ifioaragua Canal Board, 



Nicaragua Canal Company, 
Army Building, New York, October 1, 1896, 
Dear Sir: The Board is recently in receipt of copies of a pamphlet on the Nic- 
arainxa canal by William L. Merry, purporting to be published by authority of the 
Chamber of Commerce of San Francisco and other responsible bodies. 

The deecription of the canal is evidently obtained from the company's records, aad 
on Mkge 26 the following statement appears : 

'^^he cost of the canal has been very carefully estimated by Engineer Menocal 
and by two boards of consulting engineers, one in the United States and one in 
En^and. Menocal makes a cost of $i65,064,176, exclusive of bankers' commissions, 
discounts on securities, and interest during construction. The English board 
exceeded this hj $600,000, a remarkable concurrence." 

Will you be kind enough to give the Board such information as you may have rel- 
ative to the composition or personnel of the English board of engineers, to whose 
report reference is made, the nature of its investigations of the canal project, when 
it was made, and what were the unit prices upon which the board's estimate of 
1600,000 more or less of excess of the company's estimate was based. 
Very truly, youn, 

William Ludlow, Ckairmam, 
ICr. A. G. MxNOCALy 

Ckirf Engineer, etc., Brooklyn Navy-Yard, 

H- Doc, 279 ^9 
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United States Navy-Yard, 

New York, Oetoher Hy 1896, 

Dear Sir: Referring to your letter of the let instant regarding the statement 
contained in a pamphlet on the Nicaragua Canal published by William L. Merry, in 
which he states that the estimated cost of the canal as computed by a board of £ng* 
lish engineers exceeds the estimates made by me by $600,000, 1 can only say, in rep& 
to your inquiries, that in my opinion Mr. Merry refers to the report made by Mr. It. 
F. Donaldson, chief engineer of the London and East India Dock Company, to the 
syndicate that employed him to visit Nicaragua and examine the route of the canal, 
uie proposed plans, estimates, etc., and to report his conclusions thereon. 

Mr. Donaldson was at the time engineer in charge of a section of ^e Manchester 
Ship Canal. 

He visited Nicaragua* with another engineer of the Manchester Canal Company, 
Mr. Gooch, associate with him in the investigation in 1891, and inspected the route 
of the canal, the plans, the work then in progress, etc., spending about one month in 
the country. Then they went to Costa Rica and examined the location of a railroad 
in that country in the interest of the same ssrndicate, after which they came to the 
United States, visited the Sault Ste. Marie Canal, and spent considerable time in the 
Nicaragua Canal Company's office in New York examining the pians, records, etc., 
of the company. 

I am not at liberty to say, regarding his report, beyond his unreserved statement 
to me, and I think to others in London, to the effect that he had fully indorsed the 
project as proposed in the company's plans, and that his estimate of cost was very 
close to the one made by me. Whether the difference was $600,000 or £600,000 I am 
not prepared to state. His report is private property of the syndicate that employed 
him, and, as far as I know, has not been published. 
Very truly, yours, 

A. G. Menooal. 

Col. William Ludlow, 

United States Engineere, Chairman Nicaragua Canal Board. 



Nicaragua Cak al Compaitt, 
Army Building, New York, Oetoher 8, 1896, 
iJXAR Sir: (1) Referrinff to paragraph No. 2 on pages 2 and 3 of the final report 
of 1890, the Board would be glad to have the observations made for determining the 
currents inside and outside the Greytown and Brito harbors, the direction of the 
winds and the rise and fall of tides at those points, and the plane of reference to 
which the soundings are reduced, which is not noted on the charts. 

(2) Referring to paragraph No. 3 on page 3, the Board would be glad to have the 
data of all the local surveys made in the river San Juan, in order to arrive at a close 
estimate of the amount and cost of excavation, and to determine with some precision 
the means of constructing dams, etc. As so far furnished, the only data are the 
Lull survey and the few borings made in the river bed at Ochoa. 

(3) It is observed that the estimates fov lock construction contained in the report 
of 1890 are carried forward into the recent estimates for 1895. The locks of 1890 
were to be 660 feet long by 70 feet wide, but in the Chicago paper of 1893, it is 
observed that this width is increased to 80 feet. In view of the fact that the esti- 
mates are not changed, will vou be kind enough to furnish the Board with detailed 
estimates for each of the locks, showing quantities and composition of the several 
materials used and the unit prices employed in the computation of cost! 

With much regard, very truly, yours, 

William Ludlow, OAairauHi. 
Mi. a. G. Mknocal, 

Chief Engineer f eU., Brooklyn Navy- Yard, 



Navy-Yard, New York, Oetoher 10, 1896, 
Drar Sir: I beg to acknowledge receipt of your letter of the 8th instant, and to 
say in reply thereto : 

(1) I have directed Mr. Bennett to furnish the Board with all the notebooks con- 
taining the information called for in (1) of your letter. The soundings were reduced 
to the plane of low tide. 

(2) Mr. Bennett will also deliver to the Board the note books, sections, and plans 
of local surveys made by the company in the river San Juan. I would say in this 
connection that the computations for excavations contained in the company's esti- 
mates were based on the Government surveys of the river. 
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(3) The oompany has had under consideration for some timo an increase of width 
in the locks from 70 to 80 feet, hut no final action has been taken in the matter, and 
the estimates for 70 feet width, with a length of 650 feet, have been retained. In this 
oonnection I be^ to refer to previous communications on this subject, in which the 
Board has been informed that the company is not prepared to submit, at this time, 
detailed final drawings of locks, and that the composition of the concrete and other 
materials to be used in the construction will necessarily be controlled by the condi- 
tioDB and oironmstances attending each particular case. Consequently, the detailed 
estimate you ask for now can not be furnished. The estimates contained in the 
reports were made with that degree of approximation regarded as sufficient in eeti- 
matini; for work at the stage the Nicaragua Canal is now. 
With much regard, yours very truly, 

A. G. Mbnocal. 

CoL WnxiAM Ludlow, 

United 3tai0$ Engineers, Chairman Nicaragua Canal Board, 



Nicaragua Canal Board, 
Army Building, New York, October 10, 1895. 
Dear Mb. BsinnsTT: Will you be kind enough to send us any maps you may have 
showing the location of Hunt's borings at tbe Chauchos, Nicholson, and San ]<>an- 
eisoot I find we have no maps locating the stations named. 
Very truly, yours, 

WiLLLiM Ludlow, Chairman. 
Mr. P. W. Bennett, 

(Care Maritime Canal Company,) 

64 Broad Street, City. 



Nicaragua Canal Board, 
Army Building, New York, October 14, 1896. 
Dear Mr. Bennett: May I ask you to be good enough to separate the estimate for 
the canal in excavation, western division, so as to give us the quantities from Station 
452+50, firom Li^as to Lock No. 7 At 
Very truly, 

William Ludlow, CMnHOii. 
Mr. P. W. Bennett, 

(Case Maritime Canal Company,) 

64 Broad Street^ Citji. 
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Appendix B. 
record of rainfall observations. 



Month. 


Greytown. 


Gamp No. 
4,0iniUe« 
bv railroad 
fine from 
Atlantic. 


Camp 
Henooal, 
13 miles by 
canal line 

from 
Atlantic. 


Silloo 

milee ^rom 
Atlantic. 


Camp 

Caraso, on 

San Jnan 

Kirer, 11 

miles below 

Ochoa. 


Bemarks. 


1887. 
DMemb«r 


17.50 

27.04 
2.78 










La8tl2days-MaxwoU. 
Bntire montli ^ftx* 


1888. 

^■n««T 

February 

Jidy 


















well. 
First 17 day s-MavweO. 
Canal company. 








34.55 
19.41 
22.51 
15.86 
11.02 
20.08 

2.24 
5.13 
0.24 
7.30 
18.85 
20.64 
11.60 
18.11 

15.47 
ft 26. 50 

27.20 


Aornai 










Se^ber 

oSdber 


10.8 
12.0 



















HoTember ..... 










December 












1880. 
Vn^fh 










Last 10 days. 


April 










M^. ........ 












w::.::::.:: 










July 










Ajuniat 










September 


1 








Odober 










Eight days missing 
from record. 

Greytown last 24 days. 


1880. 


50.70 




24.29 
51.65 




December 


a64.30 






1800. 


026.80 

6.86 

6.03 

18.11 

4.03 

41.56 

62.50 

86.61 

18.20 

24.86 

25.55 

4L65 

10.80 
2.66 
L05 
10.40 
18.78 
26.05 
28.97 
10.40 
14.16 
20.21 
28.18 
82.74 


420.24 








0.48 
0.06 

22.46 
8.25 

2.26 












April 










May....::. ... 










w.::::::::: 


80.04 
88.51 
26.56 
18.73 
10.01 
18.00 
/84.78 

ll 

31.57 
20.53 
16.81 








j«ij 










Aaenat 










te^.;:::: 


















Vorember 










Deoember 










1801. 

SST?.:::::: 



























Amfl 










M^. :..::::: - 










JSe:::..: ::: 








Jnly 


:::::;::::::::::::::::::::::::::::: 




tSKfbcv;:::: 


1 






1 






October 










Kovember 










D«*nib«r 











«From London Engineer. 

ft Nine days missine from record. 

Actoal record said to be twice tbis amount. 

d First 26 days. 

First 5 days only. 

/Fint 27 days. 

^ I do not know why there is no record for these months.— F. P. B. 
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Becord of rainfall o6«<Tifati<Hi»— Continued. 



Month. 


Greytown. 


Camp Ko. 
4.9|mi1efl 
by railroad 
fine from 
Atlantic. 


Camp 
Menncal, 
ISmileahy 
canal lino 

from 
Atlantic. 


SiUco 

mi lea from 
Atlantic. 


Camp 

Carazo, on 

San Juan 

Rivor, 11 

miles below 

Ochoa. 


Remarks. 


1892.. 

Jannary 

February 

March 


28.57 
11.33 
4.98 
18.38 
50.88 

11.52 
38.96 
23.63 
11.33 
27.95 
36.93 
24.65 

17.70 
7.53 
4.93 
9.99 
2.77 

19.70 
































Anril 


: L.. 








May :::::: 










In 6 dava there wns 


June .......... 










reported a fall of 30 
inch««.-F. P. D. 


July 












August 

September 

October 
































November ..... 












December ...... 












1893. 

Jannary 

February 

March 
































April 


1 








Mjfty 













June........... 










First 21 days. 













Total rainfall at Greytown during the year— Inches, 

1890 297.74 

1891 213.98 

1892 289.11 

Mean 266.94 



LARGE MONTHLY RAINFALLS AT GREYTOWN. 



Month. 



Kovember, 1889 (in 24 days) . 

December, 1889 

January, 1890 

Juno, 1890 

July, 1890 

August, 1890 



Inches. 



50.70 
64.89 



41.56 
52.59 
36.61 



Month. 



December, 1890. 
Deceml)er,1891. 

May, 1892 

July, 1892 

November, 1892 



Inches. 



4L65 
32. 74 
50.88 
38.96 
36.03 



LARGE DAILY RAINFALLS AT GREYTOWN. 



Date. 



July 1,1890 

July 2, 1890 

July 11, 1890 

July 12, 1890 

July 13, 1890 

Jnlvl4, 1890 

July 15, 1890 

September 7, 1890 

October 9, 1890 

November 5, 1890 

December 27, 1890 

January 20. 1891 

April 28, 1891 

Jn»e5, 1891 

June 6, 1891 

June 22, 1891 (9 hours) 
July 18, 1891 (9 hours). 
December 8, 1891 



Inches. 



4.20 
4.81 
4.18 
2.19 
5.02 
4.66 
2.67 
4.05 
4.00 
4.10 
7.65 
4.35 
5.75 



8.83 
4.95 



8.78 
4.51 
8.17 
4.05 



Date. 



May 1,1892 

May2,1892 

May 3, 1892 

Ma^4,1892 

May 5. 1892 

May 6, 1892 

May7,1892 

May 8, 1892 , 

July 23, 1892 

Do 

October 29, 1892. . 
Octolwr 30, 1892. . 
October 81, 1892... 

November 20, 1892 
December 5. 1892. 

Junes, 1893 , 

June 19, 1898 , 



Inches. 



5.08 
4.95 
4.57 
l.fi'J 
5. lU 
5.80 
4.10 
4.20 



35.42 
5.30 
8.70 

3.50 
8.02 



17.30 
5.12 
8.95 
4.00 
5.00 
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Record of rainfall o&««rt*a/ion«— Continned. 
LABGE DAILY RAINFALLS AT CAMP NO. 4. 



Date. 


Inches. 


Date. 


Inches. 


JdIj— ^1890 - 


5.26 

7.70 


July 6, 1801 


5.70 


J8lj5,18»l..ll 










LA KGB DAILY RAINFALLS AT CAMP CARAZO. 


Date. 


Inches. 


Date. 


Inches. 


JoneSr 1888 


4.«0 
i.00 
2.90 
3.00 


December 10, 1889 


2.00 


Bi«ember4 1888 


December 28, 1880 


8.50 


Ibj21,1889 


January 22, 1800 


3.00 


0etober~20 1889 .- 










LARGE DAILY RAINFALLS AT SILICO LAKE. 


Date. 


Inches. 


ipril— 1800 


7.12 
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Office of thb Nicaragua Canal Boakd, 

Nmo York, AugH9t, 1896. 

Orntlembn: I bave tbe honor to submit the following report of my examinatioDs 
of the country on the south or right-hand bank of the San Juan River, in the yicinity 
of the Serapiqui River. 

As it will be easier to follow, I will present it in the form of a Journal. 

Fi-iday, June il, 1896.— Mi, H. R. Stanford and I left Qreytown at 6 a. m. on the 
steamer Hollenbeck and arrived at Maineri's ranch about 4 p. m. 

I had arranged with Captain Maineri to furnitih men and canoes for the expedition. 

The remainder of the artemoon was spent in getting things in readiness for a start 
in the morning. 

Saturday, June 92, 1896. — ^We left Maineri's at 7 a. m., with eight men and oar mess- 
ins outfit, in two canoes. 

We entered the Serapiqui at 10 a. m., and paddled up it one hour, an estimated 
distance of 2 miles, in a southwesterly direction to the mouth of the CaAo Ceiba, 
which enters from the right bank of the stream. The Ceiba at this point is a stream 
of about the same volume as the San f^anoisoo at Camp Frisco, it having a discharge 
of about 350 cubic feet per second. We paddled up the Ceiba two and a quarter 
hours, a distance of about 6 miles, and pitched 6amp on the right bank. 

For about three-quarters of a mile from its mouth the water of the Ceiba was of a 
dark wine color, indicating swamps. Above that it was of a clay color, indicating 
little swamp drainage. All the tributaries between its mouth and our oamp are 
small. 

The banks of the stream are of clay and fh>m 10 to 12 feet high. The bottom is a 
hard clay, running into telpetate. At no point did silico swamp come to the stream. 

After landing, we left our men to build a camp, while Mr. Stanford and I started a 
picket line approximately east by the needle, and went as far as we could and return 
to camp at night. We covered a distance of about half a mile. In this distance we 
passed over two small ridges of dry land, 4 to 6 feet in height. The balance of tbe 
distance was covered with water from recent rains to a depth of from half a foot to 
li feet. The bottom all the way was hard clay. 

Sunday, June 2S, 1895. — It rained a great deal last night. Mr. Stanford and I, with 
five men, left camp at 7 a. m. We traversed our line of yesterday to the end, and 
continued on in the same easterly direction, most of the way through suita flats 
covered with 6 or 8 inches of water. At 9.30 we struck a stream about two-thirds 
the size of the Ceiba flowing north. This stream I knew to be the CaAo Maria, 
which enters the San Juan River above the head of Paraiso Island. 

We estimated the distance from the Cafio Ceiba to be li to 1^ miles. Continuing 
our line to the east, we followed up the right bank of the Maria a distance of per- 
haps one-third of a mile. We then entered a nasty swamp with water and mud &om 
2 to 3 feet in depth. 

The timber was mostly gavilan. At 11 a. m. we struck a small hill, 20 to 25 feet in 
height. 

After passing this hill we again entered the swamp, and crossed several small but 
well-deiined brooks flowing to the north. 

The character of these brooks would seem te indicate that hills would be found at 
no great distance to the south. At 12.15 we crossed a brook flowing to the north, and 
struck a hill about 35 to 40 feet in height extending north and south. We followed 
this hill to the north about 1,000 feet, and struck a stream about one-third the sise of 
the Ceiba. This stream I knew to be the CaAo Tigre, which empties into the San 
Juan near the Cuellos. As we now had barely time to reach oamp at night, we 
retraced our steps. 

Monday y June £4^ 1896. — Rained in torrents all night. I estimate that not lees than 
B inches of water fell. The Ceiba rose over 6 feet. 
138 
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I left camp at 7 a. m. in a canoe to examine the Ceiba higher np. Going up the 
stream about one-third of a mile a large brook entered from the 'west, and in a dis- 
tance of about a mile several streams entered from the east, some of them as large 
as the limpio at Cane Carmen. 

At a distance of about a mile from camp I lefb the canoe, and cut a picket to the 
east^ passing over three small ridges running north and south, where I came to a 
swamp with much water. I went back to my canoe, and proceeded up the stream 
about li miles from this point, and again started a picket in an easterly direction. 
I found low ridges running north and south with well-defined yalleys and streams 
between them. Owing to the heavy rains the night before the streams were all so 
high that they could not be forded, and it was with difficulty that they could be 
crossed. 

The banks of the Ceiba at this point are from 20 to 30 feet above the water. 

Mr. Stanford left camp at 7 a. m. to examine the country westward from the camp 
between the Ceiba and the Serapiqui. He cut a picket a distance of about 2 miles 
over low hills surrounded by swamps and laj^oons. 

Judging from the velocity of the current m the Ceiba, I estimate the level of the 
swamps at our camp to be at least 40 feet above the water in the San Juan at the 
mouth of the Serapiqui. 

Iketdaif, June tS, 1895, — ^As the country in the vicinity of where we quit work on 
the ^d seemed to offer the best prospect of finding hills, I decided to move camp to 
the Sfloi Juan Hiver or to some point on the Cafio Tigre. I left camp at 7.30 with 
both canoes and all our outfit. 

Mr. Stanford and two men went over the line of the 23d to take it up where we 
left it and cut out to the San Juan River in a northerly direction. 

After reaching the San Juan at the point where I expected Mr. Stanford would 
come, I patrolled the river until dark, but he did not appear. I spent the night at 
the boose of Senor Juan Hernandez. 

Wedmeedojf Jwne g6, 1895,-1 enjg^ed a son of Mr. Hernandez and another man to 
J np the Caflo Maria on approximately the line Mr. Stanford was to follow, to find 
im, if possible, and pilot nim in. 

As the streams were so swollen, I thought it possible Mr. Stanford had not been 
able to cross the Tigre, and was following down its right bank. I therefore went to 
its month, and attempted to ascend it in a canoe. I found the current so strong that 
with six paddles we could not make any headway. The Tigre at this point was 100 
feet wide, 10 to 12 feet deep, and had a velocity of about 6 miles an hour. I there- 
fore left the canoe, and started up the south or right bank of the stream. Much of 
the way the water was over the flats, and whenever any side drainages came in they 
were from 4 to 8 feet in depth. At a point a little over a mile from the month I 
stmek a hill 30 to 50 feet in height bearing off in a southeast direction. Just above 
was Snita Flat, covered with water from 3 to 5 feet in depth. In several places we 
had to awim to cross the deeper parts. I continued this reconnoissance as far as I 
eould and get back to Hernandez's house at night, but did not strike any more hills, 
nor did I reach the hill where I quit work on the 23d. 

On arriving at Hernandez I found Mr. Stanford, who had been brought in about 
half past 9 in the morning by a young man whom I sent to look for him. The dis- 
tance which he had to trav^ proved to be greater than we had estimated, and prog- 
ress through the swamp was slow owing to the high water. In many places the 
water was too deep to be waded. 

Mr. Stanford Reports finding hills 60 to 150 feet in height at short intervals all the 
way through. These appear to be isolated hills surrounded by silico swamps. 

Ttorsdoy, June X7, 1895, — ^Moved to a vacant house about 2 miles below the 
Serapiqui. 

At a point about 3 miles below the Serapiqui there is a high hill on the north bank 
of the San Juan Hiver. This hill is separated from a range of hills which runs off to 
the north by a swamp about 400 feet wide. Mr. Stanford and I followed this range 
of hHIs out some distance. Most of the way it is 150 feet or more in height. 

In 1888 1 examined this country and made a survey of a line down the Rio Negro, 
whieh lies to the north of the San Juan and flows east into the San Juanillo. 

At that time I followed the ridges out much farther than we are now able to. The 
topography, as shown on the map which will accompany this report, indicates a 
stream rising in the swamp near the San Juan River to the west of this hill and run- 
ning norUi uito the Negro. This stream was never traced out, but was assumed to 
go aa shown in dotted fines. I am inclined to think that it flows to the north, and 
then doubles and flows west and south into the small lake shown on the map, and 
finally into the San Juan River. 

FHdof, June €8, 1895, — Started a picket line from a point opposite the hill exam- 
ined yesterday, on a course south U)^ west magnetic. For about one-fourth of a 
mils uiis was over good hard ground, 15 to 20 feet above the river. We then dropped 
into a dlieo swamp, with wafer from 2 to 4 feet deep. At one time I put down a 



Digitized by 



Google 



140 NICARAGUA CANAL. 

palm stem to a depth of 20 feet in the mud. We passed through ODO-half a mile of 
this to a small hill about 20 feet high lying east and west. After crossing this we 
entered a sacate swamp, with water too deep to pass. We tried to follow a recent 
trail through to the Tigre, but found the water oyer onr heads, and were forced to 
turn back. 

A more extended examination of thesilioo swamp might show other ridges of hard 
land and a more favorable crossing. 

Saturday, June B9, 1895.— We went by canoe to the month of the Tigre, and found 
the water had fallen about a foot. Arter a hard struggle we succeeaed in getting 
up to a point which we identified as the spot where we ended onr line yesterday. I 
should judge it to be not oyer 600 or 600 feet from the bank of the Tigre, and nearly 
in a direction to hit the hill on the south bank. We went up to the point of the bill, 
where we left our canoe, and followed the hill in a southeasterly direction about a 
mile, when it ended in a swamp. We came back to where there appeared to be a 
spur putting off to the southwest. We followed this until we came to a place where 
the swamp to the westward was only about 200 feet wide, and crossed to another 
hill 150 feet in height, which we followed for half a mile or more. 

When we ended, we were at swamp level, but I think at an elevation above the 
flowage line of a dam to raise the water so as to give slack water to Ochoa. 

These hills are very irregular in shape, and it would be necessary to follow out every 
spur to say that they were not continuous, but I think the swamps between them are 
at an elevation sufficient to render hills unnecessary at this point. 

Owing to the excessive rains and the extreme high water, it was impossible to do 
any instrumental work, and explorations were rendered well-nigh impossible where 
there was any swamp. 

Sunday, June SO, 1895, — Made a cross section of the San Juan River at a point from 
which we started onr line on the 28th. The river at this point is 1,550 feet wide, and 
had a surface velocity of 3.5 feet per second. 

Beginning at the south side, the first third of the distance has a depth of 9 feet, the 
middle thira 12 feet, and the north third 30 feet. At this time it was passing approxi- 
mately 60,000 cubic feet per second. 

After making this cross section we returned to Greytown. 

I desire to supplement this by saying that in the year 18£R9I made an examination of 
the country immediately south of the Serapiqui Hills. At that time I started from the 
river at a point which would carry me over the high hills on the south side below 
the Serapiqui in a southerly direction. After following the hill for nearly a mile I 
came down to swamp. I then traced the foot of the hill around to the San Juan on 
the east, and to the Serapiqui on the west. I then continued my originaJ line to the 
south, across a suita flat, to a hill about 20 or 25 feet in height. This I traced into 
the swamp at the east end, and to the Serapiqui at the west. I then went up the 
Ceiba some distance, and found the point of a low hill which I ran into swamp in all 
directions. From this hill I went across a silico swamp to another hill about 100 
feet in height. Following this in a southwest direction, it ended near the Ceiba. 

I then went back to the Cafio Maria, which enters the San Juan from the south 
and below the Serapiqui Hills. I went up this some distance and started a picket 
in a westerly direction, which passed over a low hill and down to the swamp. I 
followed the swamp to the Cafio Ceiba. Retoming I followed the swamp all the 
way from the Ceiba to the Maria. 

At the time of this reconnoissance it was with a view to raising the water of the 
river to the level of not less than 80 feet above tide. I did not deem this practicable, 
and made a report to this effect. 

This reconnoissance, together with my former one, would seem to show that .<» 
careful survey of the country south of t&e San Juan River ought to be made before 
any definite location of the canal is decided upon. 

The map which accompanies this will show at least two sites for a dam well worthy 
of a more careful study. 

In connection with this, I will add that in the early part of 1893 I sent Mr. Boyd 
Ehle to make an examination of the south bank of the San Juan in the vicinity of 
Tamborgrande. 

He started in at a point some 4 miles above Tamborgrande and found a range of 
hills about a mile or a mile and a half back from the river. He followed this range 
down the river until it finally faded out into isolated hills, with soita flats between. 

He finally crossed from these hills to the hill at Tamborgrande. These were sep- 
arated by a narrow lagoon. I requested permission from the general manager to 
have a compass sun'oy made of these hills, bat was not allowed to have it done on 
account of lack of funds. 
Very respectfully, 

Frakk p. Davis. 

The Nicaragua Canal Board. 
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Appendix G. 
table of unit plilces used in former estimates. 



ORKTTOWN HABBOK. 



5tMie in brealc^vrater 

Dredglajr and oxcaraiion. 

CANAL. 

Dnsd^Bg 



CliiUls. 



Nica- 

rngiia, 

1052. 



S 15. 

lioo 



00 
,f U.00 

1^ .80 



Xartb eoccaTBtion ... 
lanb embankment. . 
Bock excavation 



LOCKS AND DAMS. 



Sflck exeavatloB . 



Eastb excavation . 



15 .25 

>. 30-1. 00 
.25 

1.50 



].60 

1.00 
.45 
.35 
.25 



Gravel extmvation 

Mad ^cBvation 

Earth OBlianlcnieiit 

Stooe. gravel, and clay embanlcnient. . 
11 jdiaaUe concrete 



BrcMcd stone. 



Bubble maaonxT'. 

Dry stone wall.... 

Patfdie 

Bock fill 



Back exeavation 

£mnb excavation 

Fender walee per foot. 

BAN FBANCI80O BASIN. 

Boelc excavation 



Kartk excavation 

JUrth embankment 

Rackfin 

Snrface.eoil excavation . 

Kadaxcavation 

Concrete 



OCHOA DAM. 

Bock fill 

£arth,etc.,fln 

Stone and gravel fill 

Earth, etc., exeavation. 

CoBCiete 



.25 

.30 

1.00 

8.00 

7.00 

12.00 

15.00 

16.50 

6.00 

7.00 



.20 



Noir 

York, 

1852. 



$3.00 

.20 
.30 



.15-. 25 
.12 
.70 



.70 
.50 



.10 

.12 

.50 
4.5U 
4.00 

6.75 
4.00 

".'io 



Lull, 
1874. a 



$5.00 
.30 



Mennoal, 
181«. b 



$1.50 
.25 

.20 
.40 



.10 
S 1.50 
I 1.25 



1.50 I 
1.25 I 

.25 

35 

4U 

l.OO 

2.00 



} I! 



2.00 
d5.00 



.40 



1 l:^} 



1.00 
12.00 
8.00 

18.00 

9.00 

4.00 
.75 



6.00 



.75 



1.50 
.40 



1.50 

C5.00 

.40 

/.50 



iff) 

.50 
2.00 

.50 
2.00 

.30 
8.00 
9.00 



C'<iiialooui[>nnj. 



1800. 



$1.50 
.20 

.20 
.40 



.40 



6.00 



.40 



1.50 

.40 

4.00 



1.60 

.40 
.30 
.40 
.50 



1895. 



0$1.5O 
.16 



.16 

.40 



.40 



1.00 
.30 



6.00 



1.25 
.40 



1.60 

.40 
.30 



.40 
1.00 
8.00 



.60 
.25 



1.00 
A 10. 00 



aTbe 1874 prices assnnie cost not greater than in the United StatcH. (S«)o p. 81 of Liiirs report.) 

6 The 1885 prices assame greater cost than in the United States. (See p. 39 of report.) 

ein 1874 stone for breakwater was to come from Monkey Point; in 1885, from Divide. 

d Tnnnel. No dams in east division in 1885. 

e Tnnnel. 

/Clay embankment in 1885 to be rammed in 0-inch layers. 

{The Oehoa Dam in 1885 to be of concrete, with earth, stone, gravel, etc., backing. 
Concrete in 1890-1835 for abutments. 
NoTX.— Colamna 2 and 3 represent Cbilda'a prioea in Nicaragua and ^eir Tork, respectively. (See 
Ilia leporta.) 
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Table of unit prices used informer e«(ima^^— Continued. 





Chllds. 


LuU, 
1874. a 


Monooal. 
1885.6 


Canal company. 


- 


Nioa- 


New 
York, 
1852. 


1880. 


1885. 


BAN CAKL06. 

Earth exoAyation 






e$0.35 




$0.50 
.70 


$0.50 
.40 


Karth ombankuMnit 








Concrete 










6 00 


SAM JUAXr BIYBB. 

Bock underwater ,.... 


J $5.00 

I 2.50 

.60 

LOO 


% 

$2.00 

1.00 

.20 

.50 


^ 6.00 


$5.00 
.40 


5.00 


3.00 


Karth under yrBtb&r 




Gravel, sand, etc., under water 


.40 


.80 
.40 

5.00 


.26 


Kartfh excavation above water r........ ... 


.40 
(d) 


.40 


LAKE. 
"Rnr.V nnil Ar WAtAr . 






5.00 
2.00 
.20 


8.00 


Graivel dredirincr 


1.00 

.50 

2.00 

C 1.00 

} 1.50 

( 2.50 

.2^.60 


.35 

.20 

1.00 

.70 

.75 

1.25 

.13-. 25 




M ud, etc., dredgiDK 


.40 


.20 


.20 


Stone filling in cribs 




LAKK TO BBTTO. 

Hook excavation. 


) 1.50 
C 1.25 

.35 
.10 

1.50 
J .80 

\ .io 


I 1.60 
> 

.40 


1.25 
.40 


1 00 


1Ca.rf.h ATPJivAtinfi 


36 


Earth em banknien t 




DIVBBSION OF LAJA8, BTO. 

Kock excavation 


L50 
.25 


.i» 

.12 


1.60 


1.25 
.40 

.40 
.20 
.20 


1 25 


Earth excaration 


40 


LA FLOB DAM. 

Surface-soil excavation 


.40 


Earth and travel iill 










.20 


Kockflll..:. 










.60 


Concrete 










6 00 


LOCKS. 
Hook excavation 






5 1.50 
I 1.25 


I 2.00 


1.26 


5 1.00 
I «1.SS 


Earth embankment 


.SO 
.86 

8.00 

7.60 

1.60 

1.00 

3.00 

17 


.12 
.16 

4.00 

4.00 

.40 

.80 

L25 

17 


Earth excavation 


.40 
C 7.00 
{ 8.00 


.40 


.40 

6.00 

/10.00 

.20 

.20 

1.50 

28 


.40 


Concrete 


6u00 


Hubble masonry 


/laoo 

.20 


BBITO HABBOB. 

Dredging 


.86 

.85 

4.00 

26 


.20 

.20 

1.60 

26 


Earth excavation 


.90 


Stone in breakwater 


1.60 


Minimum depth of navigation feet. . 


28 



a The 1874 prices assume cost not greater than in the United States. (See p. 81 of Lull's rspori.) 

6 The 1885 prices assume greater cost than in the United States. (See p. 38 of report.) 

For diversion. 

d No rook in 1885. AU dredging is at 40 c 

e Lock 6. 

/Above Lock 4. 
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Appendix H. 

NOTES ON VOLCANOES AND EARTHQUAKES IN 

COSTA RICA. 

(For the United States Nicaragua Canal Board.) 

I.— ACTIVE VOLCANOES OP COSTA RICA. 

Although the whole of the main mountain range which runs from the shores of the 
Lske of Nicaragua to the southern boundary of Costa Rica is probably of i;;neons 
ori^n, it may be as»urted that the volcanic nhenomena are in their latest period of 
aetivity, as seems to be generallv the case all throughout Central America. Instead 
of the twenty volcanoes given zor Costa Rica by Montessus de Balloro in his work, 
"Tremblements de terre et Eruptions volcaniques au Centrale-Am^riqne" (Dijon, 
Ene^e Tobard, 1888), there are in reality only four peaks or small mountain groups 
■tiU showing si^s of activity, viz, Miravalles, Poas, Irazti, and Turialba. There is 
oot a single active crater south of a line going along the railway and main road from 
Limon to Pnntarenas. I do not know ofany record of an eruption of the Miravalles 
BiDce the times prior to the Conquista. The Poas is a geyser sulyect to great varia- 
tions in the intensity of its manifestations. The last eruption of Irazti, which took 
plsee in 1888-89, was altogether insignificant. 

Tarialba is probably the most recent and most lively of our fire mountains. From 
May, I86i, to the end of February, 1866, it kept throwing at inteivals an enormous 
iznonnt of einders or volcanic sand, which was carried as far as the Pacific Coast by 
the Israde wind. When I visited Turialba, in 1879, 1 only found a largo chimney 
opened in the wall of an old crater, and through which escaped continuously a hiss- 
ing eolnmn of snlphnrons steam. But all through the surrounding region there 
were spattered evidences of far more active phenomena. 

8lnee the foundation of our meteorological observatory, good series of seismic 
observations have been taken at San Jose, and it is well to note bere that, according 
to them, most of the shocks seem to be propagated in an undulatory way, and in such 
adirectiofi as to allow it to be supposed that they derive their origin in' the volcanoes 
of Poas and Irasd. However, in the actual st^ate of our knowledge concerning the 
Costa Riean seismology, it would not be prudent to draw any positive conclusion as 
to that point. 

As to the geological age of our volcanoes, it can be asserted that the more ancient 
tmong them are posterior to the ndddle of the secondary period and that their greater 
activity took place posterior to the Pliocene epoch. 

IL—LIST OF THX EARTHQUAKES RECORDED IN COSTA RICA. 

In relation to its completeness this list may be divided into three groups : First, 

Esat earthquakes from 1723 to 1865^ registered by chroniclers on account of the 
voc they caused; second, series of F. liaison and G. Molina, including all sensible 
shakes felt in San Jose from 1866 to 1887; and third, series of the Institute fisico- 
geo^rr^co-nacional, including all macro and micro seismic shocks registered auto- 
matically by means of the Ewing pendulum seismograph from 1888 to this day. 

To a snperfleial observer it would appear that the number of earthquakes has been 
i ner e as ing at a rapid rate firom 1723 up to the present date. But it is evident that 
the increase is simply the consequence of more attention having been gradually paid 
to tiie stndy of seismic phenomena. It is also unnecessary to add that the* tnree 
groups are not comparable. 

QBEAT EABTHQfUAXES FROM 1723 TO 186S. 

TJtS—Mag. — Strong eruption of the volcano Irazti or Turialba, accompanied by 
▼Solent and repeated earthquakes. (Diego de la Hay a, Informe.) 

i70ff—Jf«]f.— Violent eruption of the volcano Irazti^ with earthquakes all around. 
(Off. doe.) 
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1756— July 14. — Between 2 and 3 p. m. Terremoto de San Bueneventoro. Several 
yery severe shocks, lasting about four minutes. (Fco. M. Iglesias.) 

180S. — According to G. Molina, a strong earthquake was felt in that year, which 
damaged Cartago considerably. 

18£B — May 7. — Terremoto de San Estanislao. Strong earthquake in San Jose at a 
time when Irazti showed signs of unusual activity. 

18S6— January 20-28. — Severe earthquakes felt all over Central America and simul- 
taneous with the eruption of the Coseguina volcano in Nicaragua. 

1841 — September 2.— At about 6.15 a. m. a violent earthquake was felt which 
destroyed completely the old city of Cartago and badly damaged part of Tres Rios 
and San Joee. This shock was the strongest of a lon^ period of seismie disturb- 
ances, which began about two months before and continued afterwards for several 
weeks. 

1847 — May 18, — ^Eruption of Irazti, simultaneous with strong earthquakes felt from 
Panama to Rivas de Nicaragua. (Off. doc.) 

1851 — March 18. — ^At about 7.15 a. m. a disastrous earthquake caused again the ruin 
of Cartago, and was felt with less intensity in San Jose, Barba Alajuela, and in the 
Guanacnste region. The shocks wore undulatory and their direction at Cartago was 
from north to south. Several other shocks were felt during the following days. (Off. 
doc.) 

1853— October 8.—A.t 12.80 p. m., strong earthquake in San Jose; felt also in Guana- 
caste, where it dan\aged the villages of Las Canas and Bagaces. In San Jose the 



wave path was directed from north northwest to south southeast. (Off. doe.) 

1854 — Auguet 4. — At 10 p. m., very strong earthquake in the central plateau. 
Much damage in San Jose and Cartago. According to the chroniclers of tne time 



the movements were succusatori (trepidatory) and lasted for about two minutes. 

1860. — According to G. Molina a severe earthquake was felt at some time during 
that year, but that observer, generally very accurate iu his notes, does not give any 

Seriee of Franeisoo Maison and Oullormo Molina, 1866-1887, 



Yoar. 


Jan. 


Feb. 


Mar. 


Apr. 


M.. 


Jane. 


July. 


Aug. 


Sept 


Oct. 


K«T. 


Deo. 


Tot*l. 


1866 




2 
1 
1 
2 






8 


1 
1 


1 




3 
4 
2 


...... 


1 
2 


...... 

...... 

3 
...... 


16 


1867 




S 




15 


1868 




S 


3 
7 






14 


I860 


4 
1 
8 

4 
1 


8 

1 

4 


8 


2 


1 
1 


26 


1870 


4 


1871 






3 
2 
2 


i 

1 


2 


1 

1 
8 

1 
1 
8 

8 
4 
1 


2 


20 


1872 




1 


10 


1873 


8 
8 
2 


2 

1 
2 


8 


4 


20 


1874 




1 

4 
3 

1 

...... 

...... 


4 
1 
1 
1 
2 
2 
2 


11 


1875 




1 
1 
2 

1 
4 
2 


8 
6 
8 

1 
8 

8 


1 


2 
2 

1 
2 




17 


1876 




2 


2 


22 


1877 






1 
7 


13 


1878 


2 


1 
4 


1 
2 

1 


4 
1 


1 
1 
1 


27 


1879 


34 


1880 




12 


1881 


2 




1 

1 







1882 


19 

1 


2 


I 


2 

1 


1 
1 


29 


1883 










6 


1884 


I 

1 
1 


...... 


1 
1 


1 








8 


1885 




1 


...... 

2 






1 


1 
2 
1 


:::::: 


12 


1886 


2 

1 






6 


1887 




1 


2 
























Hotfi 


1.65 


1.18 


1.06 


1.18 


2.45 


1.66 


1.00 


0.91 


1.23 


0.86 


1.04 


0.63 


1&64 



In this period of twenty-two years the frequency and dislaribntion through the 
year of the earthquakes were very variable and the intensity of the motion never 
was of an alarming character but once, the 3d of March, 1882. On that day at 7.48 
and 12 a. m. several violent shocks were felt in San Jose, Ali^oela, Grecia, Heredia, 
and Cartago, causing a little damage. The first shock was also observed at Ponta^ 
renas at 8 a. m. exactly ; another occurred at this last place at 11.30 a. m. of the same 
day, and a tbird at 4.30 a. m. on the following day, just at the time of high water. 
We have no indications as to the directions followed by the seismic waves in the 
earthquakes of that period. 

I took every pains to find an instance of shocks having been felt at Limon or In the 
settlements along the Sarapiqui and San Carlos rivers during that period, but per- 
sons of sound judgment and perfect honesty, most of them foreigners, who lived for 
yean in those places, could not refer to even a single case. Therefore I consider it 
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aeafe eonclasion to say that the seismic distarbances were almost invariably limited 
to the Cordillera and its immediate vicinity. 

Nicaimi^a does not seem to have experienced particalarly severe earthqaakes dur- 
bte those same years, extending from 1866 to 1887. At least, only a few scattered 
indications of no special gravity are found, llie Ometepe volcano had eruptions in 
May and June, 1883, but I do not find any mention of simultaneous earthquakes in 
xt9 neighborhood. In June and July, 18d4, strong shocks were reported at Managua. 
On the Ist of October of the same year, several others at Rivas and San Juan del 
Sor. In Ootober, 1885, a severe earthquake was felt at Leon and Chinendega, which 
caused considerable material damage. In May, 1886, there was an eruption of the 
Momotombo, with strong shocks at Managua. 

The center of seismic activity during that period of time seems to have been in 
Salvador, where they experienced disastrouB and well-known earthquakes in 1866, 
18e9, 1870, 1879-80, and 1884-85. 

JSeriet of ihs Insiiiuioftsico-geogrdfioo-itacianal de Cosia Rica, 1888-1895. 



Tear. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


Jane. 


July. 


Aug. 


Sept. 


Oct 


Nov. 


Dee. 


Total. 


]ggg 


1 
13 

18 


2 
10 


6 
2 
8 
7 
6 
6 
5 
12 








...... 


...... 


1 
11 

1 
9 
3 


8 
9 

1 
1 


5 

4 
5 
12 


18 
2 

4 
15 
4 
8 
13 
(f) 


86 


uss 


....... 

12 
8 
3 
6 
• 


4 
8 
9 
8 

""i* 


8 


43 


USD 


46 


18»1 


89 


IfISS , , 


37 


18B3 




5 

1 

(f) 


40 


UM 


...... 


7 
7 


42 


lUBSa 









dUp to October 20. 

Of these earthquakes only those which began about the middle of October, 1888, 
and lasted up the 18th of February, 1889, reaching their maximum intensity during 
Uhe night between 29th and 30th of December, 1^, were of a dangerous cuaracter. 
If we elass them all according to the generally accepted scale of intensity of Rossi- 
Forel, in which the minor shocks correspond to factor I and the strongest to X, we 
see that the great mi^orit^ does not pass over lY, which means '' a light shock, sen- 
sible for man, and producing slight movements of the doors, windows, small pieces 
of fhmitnre, and other minute objects.'' 

As to their origin, that is to to say, to the ^oint of the horizon whence they come 
for an observer placed at San Jose, the same series may be classed in the following way : 



Tear. 


1 


^ 


I 


i 


t 


» 


i 


i 




m 


i 


i 


i 


i 


I 


g 


i 
§ 


1 


1R88 


23 

6 

12 

2S 

7 

6 

19 

13 


.... 


.... 

"i* 


1 

9 
2 
4 




















8 
3 
5 
3 
2 


'«' 


2 
12 

8 
81 
14 
26 

1 
11 


.... 

4 
5 
7 
2 
9 
2 


86 


18BI 


.... 


6 
8 


1 














43 


IBM 














46 


vm 
















89 


yt^ , , 




2 
















87 


vm 


2 
9 
6 


1 
1 
81 
















40 


18M 


.... 


1 
1 


















42 


1886 


















67 






















gmn 


110 


27 


21 


49 


3 


12 


1 














21 


21 


105 


30 


400 



















Most of the shocks inscribed in the column "Doubtful" were microseisms of inde- 
terminable elements. 

The main conclusion to be drawn from this last table is that all our earthquakes, 
witbont exception, have their origin somewhere north of San Jose. The great fre- 
qneney of the shocks coming from the northwest and northeast quarters seems to 
point to the volcanoes Poas and Iraxd, respectively, as the centers wherefrom these 
earthqaakes are propagated. 

We poflsees but a few data concerning the extension of the area of each earthquake, 
but it can be considered as a certain fact that the isoseismic curves never reach to a 
great distance from their epicentrum, or, in other words, from the main cordillera 
where this may be invariably localized. Of the 400 shocks under consideration, 
only one, that of 4.20 a. m. of December 30, 1888, was felt at Limon and Grey town, 
sod at both plaees it was almost imperceptible. 

H. Doc. 279 10 
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Another fact proyes the limited extension of seiamic areas in thiii region and the 
extreme localization of the shocks. In the list I have at hand there are many earth- 
qnakes noticed at Puntarenas, Esperza, or in Guanacaste which were not felt at 
ban Jose. Even at Cartago, at about 14 miles from the last-named city, they have 
often slight shocks which are not perceived here. 

Finally, if I had to draw any conclusions ont of the facts I have been able to 
gather concerning the seismic phenomena along the line of the projected canal of 
Nicaragua, I would do it in the following form: 

First. The epicentra of the Central American earthqnakes are situated most gen- 
erally in or near the active volcanoes of the main cordillera or its prolongations. 
The wave paths never reach to a great distance from their origin and the intensity 
of the motion is very seldom of an alarming character. 

Second. Owing to its great distance fh>m the main cordillera, the eastern division 
of l^e projected canal would be safe from any serious accident as far as ordinary 
earthqnakes are concerned. 

Third. The western division, situated in the proximity of active centers, as 
Ometepe and Mombacho, would be less safe, and provision should be made in order 
to secure the strength of the walls against occasional slides and to prevent any 
distortion prejudicial to the good working of the locks. I do not know whether 
there is any canal built for the purpose of navigation in the neighborhood of Charles- 
ton, but if it were so, a practical study of the effects of earthquakes on such kind of 
works ought to be made by its means previous to the drawing of any definitive 
conclusion. 

Considered by themselves only, earthqnakes can not^ in my opinion, be taken as 
a serious obstacle to the building of canals or railways m these countries. But it is 
not so when they occur in connection with the copious rains which characterize our 
climate. In itself, the rain is a dangerous element, which penetrates the soil, loosens 
the dav or argillaceous strata, and very often produces considerable landslidea. 
The soil may be soaked with water without giving way, but a sudden seismic shoclc 
can easily bring on a catastrophe. However, the general topography of the zone 
crossed by the western division of the canal, as far as my knowledge of the region 
allows me to state, does not seem to admit the possibility of easy movements of tbe 
superficial strata, and, moreover, the rain is much less in the Isthmus between Lake 
Nicaragua and the Pacific Ocean thau on the eastern slope, as may easily be seen iu 
the last paper of Professor Harrington on ** Central American Kainfall." 

San Jose de Costa Bica» October 20, 1895. 

H. PlTTIlCR. 
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REPORT ON FINAL LOCATION OF THE CANAL. 

By A. G. Mbnocal, Chief Engineer. 

New York, January SI, 1889, 
To ike FreHdent and Board of Direetora of the NIcaragtM Canal Construction Company, 

Gkrtlxmien : I have the honor to sabmit the following report of the results of the 
flnai sarveys for the location of the oanal throngh the territory of the Bepablio of 
Nicaragua and in that of Costa Rica by the Nicaragua Canal Construction Company 
under contract with, and on account of, the Nicaragua Canal Association. 

These surveys were commenced in the early part of the month of December, 
1887, and were conducted with marked ability and uniform devotion to duty by 
eight well-equipped parties, supplemented by a well-organized and efficient medical 
department, and the necessary force of draftsmen, artists, clerks, stenographers, and 
other sabordinate assistants. 

The eight parties comprising the regular field working force were divided as fol- 
lows: 

Six land surveying parties, each composed of one engineer in charge, four assist- 
ants, and from fifteen to twenty laborers. 

One hydrographio party, with one engineer in charge, three assistants, and ten men. 

One boring party in charge of an engineer, with ten laborers. 

In addition to this permanent force, two or three smaller parties, each composed 
of one or two enffineers and a sufficient number of assistants and laborers, were con- 
stantly employed in carrying out local surveys, and reconnoissances, either in advance 
of the locating force or supplementing the location by local detailed surveys at places 
where additional information was regarded as necessary for a more perfect knowledge 
of the complicated topography. 

This large and efficient force was kept constantly employed f^om the 15th of Decem- 
ber until the latter part of June, when the advanced state of the work made neces- 
sary a reduction in the number of employees. In fact, at this time the canal had 
been located from the Atlantic to the Pacific, and but little information, and this not 
essential to the solution of the problem, but desirable only in order to arrive at the 
degree of accuracy prescribed by the company, remained to be obtained. Some of 
the engineers were then ordered to the company's office, in New York, to be engaged 
in plotting and developing in a comprehensive and concise form the results of the 
ield operations. The field working force was reduced to three surveying parties and 
the boring party, which force has been actively at work, and is still engaged in mak- 
ing local surveys, cross-sectioning in the vicinity of the canal work, locating the 
flowage line in the San Francisco Basin and in the valley of the river San Carlos, and 
•nrveying for a canal between lakes Managua and Nicaragua. 

The work accomplished to the present time may be summed up as follows : 

First. Location of the canal from the Pacific to Lake Nicaragua, with numerous 
cross-sections, and the survey of the flowage line in the proposed basin in the val- 
leys of the rivers Grande and Tola. Through these valleys two locations have been 
made, one for a canal in excavation throughout, and the other for a canal partly 
through a deep basin. Both have been located with the same care and attention to 
detail. The estimate submitted with this report is based on the latter plan. 

The proposed flooded area contains over 4,000 acres of grazing land, and the rela* 
tive cost of the two methods of canalization can only be ascertained after this land 
bss been legally condemned. Borings having been made at numerous points along 
the route, including the basin, the curves having been actuallv located on the ground 
sad detailed surveys for artificial drains, embankments, and weirs, and of the sites 
of the locks, etc., having been elaborated for both plans, there need be no delay in 
the progress of the work when a final decision is reached. 
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Second. The hydrographio party baa completed the survey of the harbor of Brito, 
of the west coast of Lake Nicaragua in the vicinity of the month of the river Lajas, 
of the east coast of the lake at Fort San Curios, several local surveys in the river 
San Juan, and the survey of Greytown and adjacent coast and lagoons. These sur- 
veys^ have been carried out with remarkable skill and accuracy and very much in 
detail. In the lake the soundings have been carried out beyond the 40-foot contour, 
and off shore at Brito and Greytown to the 9-fathom line. In the inner harbors and 
in the rivers in the vicinity thereof the exact contour of the bottom can be deter- 
mined by the numerous soundings taken. Observations for determining the currents, 
both inside and outside the harbors, for the direction of the winds and for the rise 
au<l fall of the tide have also been taken. All this comprises a mass of most valuable 
data, which has been used to great advantajy^e in designing the necessary work for the 
improvement of the harbors and in estimating the amount and cost of the dredging 
required therein. 

Third. Local surveys have been made in the river San Juan at all places where the 
data on hand were deemed insufficient for a close estimate of the amount and cost of 
excavation needed, or to determine with reasonable precision the difficulties likely to 
be encountered in the construction of dams, embankments^ or other works entering 
as important factors in the general scheme. 

Fourth. The river San Carlos has been surveyed from its oonflnence with the San 
Jnan to a point about 3 miles above its tributary, ^'Tres Amigos," where the contour, 
106 feet above sea level, was reached. From that point this 106 feet contour has been 
instrumentally located east of the main river and up both banks of all its tributaries 
coming irom that side, following all the sinuosities in the expansions and contrac- 
tions of the valley until Ochoa was reached, at the south abutment of the proposed 
dam across the river San Juan, thus establishing beyond a doubt the practicability, 
at a comparatively small cost, of impounding the waters of the San Carlos at tiie 
elevation of 106 feet above sea level, as raised by the proposed dam at Ochoa. 

Fifth. The survey of that region from the valley of the Machado, above the site 
of the dam at Ochoa, to Greytown, has been the subject of much labor and serious 
consideration, and has consumed much time, and not less than four-lifths of the 
labor of the expedition. The primeval condition of the country, covered as it is 
with dense vegetation and high forest growth, through which no extended view can 
be obtained from any point, of itself renders an accurate knowledge of its topo> 
graphical features, both laborious and difficult to obtain; but, if I luid to this the 
absolute want of means of communication, except by canoe through capricious water 
courses, of which but little information has been acquired by previous explorations, 
and an unusually complicated topography, in which extensive swamps and n^ore or 
loss connected ranges of hills are coiistantlv met with in such an irregular and 
unexpected manner as to baffle completely all calculation as to its actual condition 
without an instrumental examination of every inch of the ground, some idea may 
be gathered of the difficulties with which we have been confronted. 

Two routes through the last- mentioned region had been proposed by previous sur- 
veys, and it was the object of the association to make a thorough examination of the 
entire area, so as to eliminate all doubtful questions, and with a perfect knowled<?e 
of all the conditions involved to select that route presenting the greatest facilities 
for the construction of the canal, both in regard to the economy and permanency of 
the work. 

One of the routes extends on a nearly direct line from Ochoa to Greytown, and has 
been designated the '* Upper Route" by reason of its being located in the upper part 
of the valley and its most striking feature of retaining and extending the summit 
level to within a short distance of Greytown itself. 

The other is known as the ** Lower Route," since it descends to the valley level of 
the San Juan a short distance below Ochoa, stretches along, and at several points 
runs in close proximity to the bank of the river, until it reaches PuntaPetaca, above 
the San Juanillo, where it turns to the north, and by a straight line reaches Grey- 
town at about the same point as the *^ Upper Route.'' This route was located by the 
United States Surveying Expedition of 1872-73, and the former was the result of my 
surveys of 1885, oondncted by order of the same Government. The work of reloca- 
tion was undertaken for both routes from end to end with the whole force of the 
expedition, previous explorations and surveys being ignored except for the informa- 
tion to be derived therefrom and for pi}rposes of comparison, the object being to 
improve, if possible, on what had already been done. It reaaired the constant labors 
of six surveying parties, and the boring party six months, before the location of the 
two routes had been elaborated and advanced to the point where a fair comparison 
of their relative merits could be made ; and, since the selection of the " Upper Route,'' 
two parties have been engaged for five months ini>erfecting the location and gather- 
ing such a mass of valuable information as to leave no doubt whatever regarding 
its superiority, and the amount and character of all the work involved in the 



Digitized by 



Google 



NICARAGUA CANAL. 149 

eonstnietion of the canal. No problem has been left nnftolved, and what is now 
prwmted as the resait of these ardnous labors is an actual representation of the 
■atoral conditions. 

THB PROPOSED ROUTE. 

The proposed rente from the Atlantic to the Paciiio is in ji^eneral direction and, 
vith but slight modifications^ identically the same as that proposed by me in 1885. 
The changes introduced consist principally in the addition of two new basins and 
the extension of free navigation in the San Francisco Basin, by which the length of 
ranal in excavation has been considerably reduced, with proportionally increased 
&cilitie8 to navigation, and the problem of draining the country traversed by the 
canal satisfactorily solved. 

San Jnan del Norte (Grey to wn^ on the Atlantic and Brito on the Pacific are the 
termini of the canal, the total aistance from port to port beinc 169.448 miles, of 
which 26.783 miles will be excavated canal and 142.659 miles ijree navigation by 
Lake Nicaragua, the river San Jnan, and through basins in the valleys of the 
streams Deseado, San Francisco, and Tola. Lake Nicaragua is necessaril^*^ the sum- 
mit level of the canal, and its elevation above mean sea level is taken at its mean as 
110 feet. It will be connected with the Pacific bv two sections of canal in excava- 
tion and the Tola Basin, and with the Atlantic by slack water navigation thr^ jgh 
the valley of the river San Juan, and a series of basins in the valleys of the Snn 
Francisco and Deseado, connected by short sections of canal, the sea level on each 
side being reached by three locks, which have been located as near as possible to the 
extremities of the canal, viz, Si miles from Brito and 12f miles from Greytown, 
thereby giving a clean summit level of 153^ miles in extent out of a total dis- 
tance of 169| miles^ as stated above. For the purposes of this report the whole 
route has been divided into four divisions, viz, Eastern, San Francisco, Lake and 
River, and Western. 

EASTERN DIVISION. 

FBOK THK INNER HARBOR OF BAN JUAN DEL NORTE (OREYTOWN) TO TIIR SAN 
FRANCISCO BASIN, 18.864 MILES. 

The line selected and located starts from the inner harbor of San Juan del Norte 
and extends in a southwesterly direction for a distance of 9.297 miles to Lock No. 1, 
in the valley of the small stream Deseado, which descends from the high ridge sepa- 
rating the valley of the San Juanillo from that of the Cafio San Francisco. Where 
the stream Deseado interferes with the course of the canal it is to be diverted by 
artificial channels. These first 9.297 miles of canal will be at the level of the sea, 
forming practically a prolongation of the harbor of Greytown, the width proposed 
allowing ample room for the passage of vessels going in both directions. The excsv- 
vation will be entirely through flat alluvial deposits, as shown by the numerous 
borings taken along the Vhole line. 

The first lock from this reach will have a lift of 30 feet and the uniform dimen- 
sions of chamber adopted for all the locks, viz, 650 feet long and 70 feet wide. A 
foitable bit of high ground for the site of the lock is met with in the lower valley 
of the Deeeado. From the head gate of Lock No. 1 to Lock No. 2 the canal follows 
the valley of the Deseado, which is here partially flooded by the construction of 
four low embankments, connecting the site of Lock No. 1 with the sides of the val- 
ley. In tills manner the canal excavation, which here consists chiefly of a stiff red 
clav underlying a thin strata of loam, is much reduced, and the drainage econom- 
ically and efficiently controlled by suitable weirs of maximum flood capacity. 

Lock No. 2, located 1.258 miles above the head gate of Lock No. 1, has a lift of SI 
feel, and will rest on solid ground, a hill on the south side of the valley affording 
an excellent site for it. 

Ijock No. 3, with a lift of 45 feet, is located 12^ miles from Greytown and 1.927 
mUes from the head, gate of Lock No. 2. This section of the canal occupies the lower 
basin, made in the valley of the Deseado by the erection of a dam 38 feet high and 
1,300 feet long across the stream, and two embankments of an aggregate length of 
1,400 feet and about 20 feet high on the top of the confining ridges. The only 
excavation needed through this basin is in cutting across three low hills of red clay. 

At thia point the valley of the Deseado is spanned by an embankment 70 feet high 
and 1,060 feet long, resting on two high hills, and the gaps on the ridge connecting 
this embankment with the sides of the valley are closed with smaller embankments, 
aggregating 5,800 feet on the crest, with an average height of 20 feet to the level, 112 
feet above sea level. By this means a basin 3.086 mile^ long is created in the valley 
of the atreaiiiy in which a depth of firom 30 feet to 70 feet is obtained without exca- 
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vation for a dUtauce of 2.598 miles. It is proposed to retain the water in this basin 
at an eleyation of 106 feet above sea level ; in other words, the summit level of the 
canal is carried across the "Divide" and extended to Lock No. 3, or to within 12} 
miles of the Atlantic, and but 31 miles from the sea level, which, as stated above, 
reaches 9^ miles ap from Greytown. The advantage of these two large reservoirs in 
close proximity to the locks used need not be commented upon, and the facilities 
i^orded as a "turn ouf for ships in waiting and traveling in opposite directions 
can not be overestimated. The dam is proposed to be built of stone, or what is 
termed "rock fill/' with earth backing, and will have a weir 600 feet long on the 
crest and a fall of 45 feet for the discharge of the surplus water into the lower 
basin. This will be supplemented by another weir 800 feet long located on the south 
side of the valley in a gap between the hills inclosing the upper basin, giving a total 
length of weir of 1,400 feet. 

At the western extremity of this basin begins the "Eastern Divide Cut,'' connect- 
ing the valley of the Deseado with that of the Cafio San Francisco. This out is 
2.917 miles long, has a maximum cut of 298, and an average depth of 111.2 feet above 
the level of the water, the depth in the canal beins 30 feet, and contains about 21 
per cent of the total excavation estimated for the wliole canal. 

The magnitude of this work grows less striking as we proceed to examine its 
importance as a factor in the solution of the problem ; the local advantages for its 
execution, its permanency when finished, and the advantageous and economical dis- 
position of the material to be excavated. 

First. It will be observed that this cut is almost in a direct line between Ochoa 
and Greytown, which are the two objective points of the canal ; the former being 
the point at which it must of necessity leave the San Juan River, and the latter 
equally necessary as its terminus on the Atlantic. 

Second. It is the lowest point along the whole ridge which intervenes between 
those two points, and nearly equidistant from each. 

Third. It is also the narrowest pass, by several miles, of any other on the ridge, 
the valleys of the Deseado on one side ana the San Francisco on the other, here pen- 
etrating it farther than elsewhere, thus allowing the greatest possible extension of 
their basins with the least excavation. 

Besides the above, there are several other important advantages connected with this 
particular pass entitled to much consideration. 

First. The material to be removed is in the main solid rock, therefore the volume 
of excavation is reduced to a minimum, and the cut when made will remain so 
forever without further expense. 

Second. The material is needed for the construction of the dam at Ochoa, for the 
embankments between Ochoa and Greytown, for the construction of the locks, for 
the breakwater at Greytown, and for pitching the sides of the canal, and whatever 
is left over can be dumped in the immediate vicinity. 

Third. The center of distribution is most conveniently located, and were not this 
material available, at the sole expense of transportation down grade, it would have 
to be obtained at considerable cost from quarries in the vi<ynity, as there is no rock 
easy of access between Ochoa and Greytown, except in this ridge. 

Fourth. The locality is one of the healthiest in Nicaragua, the drainage is perfect, 
and water abundant and excellent for domestic uses. 

Fifth. There is close at hand on both sides of the ridse an inexhaustible winter 
power for the economical and convenient operation of all uie machinery required to 
do the work. 

Possessing, therefore, as it does, this truly marvelous coincidence of favorable cir- 
cumstances, it would seem as though the very hand of nature had made this particu- 
lar spot with the view of facilitating the execution of the greatest undertaking of 
this or any other age. With proper appliances and good management, so much of 
the work in the adjacent sections being dependent upon the material to be got from 
this cut, an even rate of progress can easily be maintained and the whole work be 
pushed to completion well witnin the six years estimated as the time for completing 
the canal. 

SAN FRANCISCO DIVISION 12.500 MILES. 

FROM THE WESTERN END OF THE DIVIDE CUT TO THE RIVER SAN JUAN AT OCHOA. 

On the western slope of the divide the canal follows the valley of the Limpio for 
1.477 miles to the end of the cut. Before falling into the San Francisco Basin it passes 
for 0.738 mile through a rolling country in the lower valley of the Limpio, the aver- 
age depth of the cutting for this distance being 16 feet above the bottom of the canal. 

Passing into the basin of the Caflo San Francisco, it follows the valleys of the Lim- 
pio and Chanchos to near the confluence of the latter with the San Francisco, and 
then up the valley of the stream, skirting the hills on the west, to a favorable pass 
in the range separating this valley from the swampy region, called Florida Lake, 
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extending toward Ochoa. The line of location follows this swamp to its western 
extramity, where it strikes the high rolling ooantry intervening between this low 
R|rion and the valley of the Machado, and following a tributary of the latter it 
slrikoB the river San Juan 1,600 feet above the month of the Machado. The distance 
irom the western end of the Divide Cut to the bank of the river San Jnan is 12.500 
niles, of which 7.481 miles are tangents and 5.019 miles comprised in eleven curves of 
from 4,000 to 11,459 feet radius. The hills surrounding the basin on the south do not 
form an aubroken ran^e rising at all points above the level of the water, which in 
(his section also is maintainedat 106 ieet above sea level. Eight gaps will have to 
be dosed by embankments aggregating in length to 2,440 feet measured on the val- 
ley floor, and 12,260 feet on the crest^ the maximum depth being 60 feet below the 
level of the water in the basins. 

In addition to the above, 59 smaller embankments, aggregatina^ in length 18,280 
feet on their oreet, rising 6 feet above water level and varying in height from 1 to 50 
feet, will be required from Ochoa to the main ridge of the divide. Mi the embank- 
ments resting on the valley or Bwam^ level are designed of rock fill and earth backing, 
with three parallel rows of sheet piling between abutments. 

The total length of basin secured by this plan is 11.267 miles from flowa^e line to 
tlowage line, of which 8.697 miles is in water varying from 30 to 60 feet in depth ; 
that is, of the 12.500 miles in the ^vision but 1.233 miles will be wholly and 2.570 miles 
partly in excavation. This is not, however, the only advantage gained by the crea- 
tion of this basin. Without it tne cut across the Divide would be of such propor- 
tions as to make the route commercially impracticable, and the basin of the Deseado 
an impossibility. Not less important are the additional considerations of free navi- 
gation through a wide and deep basin, instead of a restricted excavated channel, in 
the former, vessels can travel at full speed, lie at anchor, or pass each other at all 
points, while in the latter the position and speed of all ships must conform to rigid 
regulations. 

Attention is also invited te another striking feature of this work, as compared with 
that close to the bank of the San Jnan. 

In a country snbject te observed rainfalls of more than 6 inches in twenty- four 
hours, the problem of drainage involves dealing with forces of nature, whose enor- 
moQs destructive powers are a constont menace te engineering works, however care- 
ful and skillful their desi^ and execution. And it is of the utmost importance, 
therefore, te reduce these forces te a minimum before the construction of works to 
withstand them. The large territery embraced between the ridge confining tlie basin 
to the south and the "Lower Route" is, by the adoption of the "Upper Route," 
entirely eliminated from the problem of drainage, leaving only that portion of the 
watershed north of the ridge, from the Divide te the valley of the Machado, te be pro- 
vided for. The area of this catchment basin is about 65 square miles. 

It is proposed te build all embankmente across the valleys in the disconnected por- 
tions of the ridge of " rock fills " and earth backing, the crest te be 107 feet above 
sea level, and with the tep and outer slope so shaped and paved with large stones :is 
to admit the free flow of water over the surface without danger of injury, all other 
embankments te be 112 feet above sea level. All these embankments will be, in fat- 1, 
10 many wasteweirs for the discharge of the surplus water at several poiute in (lie 
baein, with an aggregate length of 4,720 feet of spillway; and assuming that the 
embimkments are perfectly tight, which will not be the case until several years after 
eonstruction, and therefore that all the surplus water passes over the weirs, the 
nuximnm thickness on the crest will not exceed 15 inches. 

An extraordinary freshet in the San Juan above the dam would probablv cautse 
some of the river water te flow teward the basin, but it will be observed that the 
weirs in the basin alone aie capable of discharging 90,200 cubic feet per second before 
the water reaches the tep of the higher embankments, and that, in such extreme 
("ases, the basin would also be discharging through the Divide Cut, over the Deseado 
I>am and weirs, and, if need be. through the culverts of Lock No. 3. As an addi- 
tional precaution, a guard gate is provided in the first cut east of the Machado, by 
which the waters of the river San Juan may be shut off from the basin. With these 
ample provisions the destruction of the smaller earth embankments by an overflow 
of the basin seems te be well guarded against. 

LAKE AND RIVER DIVISION 121.04 MILES. 

FROM OCHOA. TO THE WKBTKRX COAST OV LAKB mCARAOUA. 

This division extends from the western extremity of the San Francisco Division in 
the valley of the Machado te the entrance of the canal on the west shore of Lake 
Nicaragua. The tetal distance is 121.04 miles, divided as follows : Navigation by the 
river San Jnan, 64.54 miles; lake navigation, 56.5 miles. The section of the river 
from Ochoa to the lake is te be made navigable by the construction of a dam at 
Ochoa, J oat below the Machado, maintaining the water at the summit level of 106 



Digitized by 



Google 



152 NICARAGUA CANAL. 

feet above sea level. It may here be explained that this elevation, hitherto treated 
as the snmmit level, is 4 feet below the lake, a fall of three-fourths of an inch to the 
mile being allowed for the slope necessary to discharge its waters, althoagh for all 
the purposes of navigation that portion of the river is converted into an extension of 
the lake. 

The dam is located between two steep hills, and its length of weir on the crest 
will be 1,250 feet, and abutments 650 feet. The average depth of the water in the 
river was at the time of the survey 8 feet, and the maximum depth, close to the 
southern abutment, 14 feet, the width between banks being 960 feet. With a meaa 
tiow in the river of 20,000 cubic feet per second the thickness of water on top of the 
weir will be about 3^ feet. 

The dam is proposed to be built of rock fill and earth backing, in all respects sim- 
ilar to all the other large embankments and weirs already described. Its average 
height above the river bottom is 61 feet, its thickness at the top 25 feet, and at the 
l)ottom 500 feet. The core of the rock portion will be made of smaller stones, gravel, 
and refuse from the rock cuts, with three rows of sheet pUing from abutment to 
abutment, and substantial concrete core walls from the ends of the sheet piling car- 
ried well into the abutment hills and up along the slope beyond the maximum flood 
level. The upper portion and long flat apron will be composed of stones of the 
largest dimensions that can be properly handled and arranged, the interstices being 
filled from behind with small stones, gravel, and earth dumped from suitable trestles. 

By this dam, slack-water navigation in the river San Juan will be obtained in the 
whole distnnce from the lake, in which, with the exception of the 28 miles above 
Toro Rapids^ the navigable channel will be at no point less than 1,000 feet wide, with 
depths varying from 28 to 130 feet. Between the lake and Toro Rapids, rock blast- 
ing under water and dredging to an average depth of 4^ feet will be required at 
several places, amounting in all to 24 miles, most of the rook blastine occurring at 
Toro. The average depth of water as raised by the dam over the shallow places 
where deepening has been estimated for is 23 feet, and the excavated channel is 125 
feet at the bottom, the slopes varying with the character of the material. 

A further important efifect of the dam will be to raise the water of the river San 
Carlos to the level attained by the San Juan at their conflnence above Oohoa, con- 
verting the valley of that stream into a spacious lake or port, and an integral part of 
the summit level and of the canal itself. Thousands of square miles of the teiTitory 
of Costa Rica now inaccessible hj land or water will thus become the richest ^rtion 
of that Republic; and the sediment now being brought down by the rapid cnr- 
rent of the river will then be deposited, for want of transporting power, at the mouths 
of the ravines and mountain torrents emptying into the basin. In fact, the area 
now scoured will be so much reduced that comparatively little material will be 
transported. 

The confining ridge to the east of the valley of the San Carlos is a generally high 
range extending in a nearly straight line from the south abutment of the Ochoa Dam 
about south 15^ west 7i miles to the foot of the high mountains of the interior. The 
length of the ridge following its crooked crest line is about 10 miles. The hills form* 
ing the ridge do not form an unbroken range at all points higher than the level of 
the water, which is here also maintained at 106 feet above sea level. A number of 
short depressions will have to be closed by embankments^ the tops of which will be 
at an elevation of 112 feet. 

The total number of embankments necessary is 21. Of these, 8 will be very small, 
the ridge beins now above the water line but below 112 feet. Only 2 will reach the 
floor of the vtuley, having a depth of 48 feet. The remaining 11 have an average 
depth of 19 feet. The aggregate length of embankments on crest is 5^540 feet; on 
floor of valley, 130 feet. 

The embankments proposed will be entirely of clay, 15 feet wide on top, with slope 
of 3 to 2 on both sides. 

It is proposed to build a large waste weir in the ridge about 2f miles from the 
Ochoa Dam. This weir, having its crest of 106 feet elevation, will discharge the flood 
waters of the San Carlos into the San Juan independently of and below tne dam. 

The valley of Curefio Creek runs directly from the site of the proposed weir to the 
San Juan 51 miles below Ochoa; hence no channel for the discharged waters need be 
provided. 

In the east side of Lake Nicaragua, dredging, in soft mud, will be needed for a 
distance of about 14 miles to reach the depth of 30 feet, the average depth of the out 
being 9.8 feet, and the proposed channel 150 feet wide at the bottom, with side slopes 
of 3 to 1 to the present bottom of the lake. 

From the end of this cut to within 1,400 feet of the west coast, at the entrance of 
the canal, the depth in the lake varies from 30 to 150 feet. The excavation on the 
west side is estimated as rock. No borings were taken on this side of the lake, bat 
the indications on the shore and the result of the borings in the vieinity, point to 
rock as predominating in the submarine excavation. 

In view of the nature of the bottom and the prevailing winds on that coast of the 
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lake, it has been deemed advisable, if not essential, to estimate for two crib piers or 
\ireakwateiB at the entrance of the canal and extending to deep water, a distance of 
IJiM fees and 2,400 feet, respectively. These piers will have the effect of arresting 
(ksbris traveling along the coast by the action of the waves, insure smooth water at 
the eBtnu&ee of the canal, and serve as guides to approaching vessels. 

WESTERN DIVISION. 

FROM THB LAKE TO BRITO 17.04 MILES. 

This section of canal connects the lake with the Pacific Ocean. It is 17.04 miles 
long from the i^ore of the lake when at 102.5 feet above sea level; the elevation at 
the time the surveys were made, to the port at Brito. 

As the canal is now estimated for, 11.44 miles of that distance will be wholly in 
excavation and 5.60 miles through a basin in the valleys of the rivers Grande and Tola. 

In this basin from 30 to 70 feet of water can be had for a distanc-e of 4.568 miles. 
The basin has an area of 4,000 acres, an extreme width of 12,500 feet, and an average 
of 5,500 feet. An alternative rente has been located through the valleys proposed 
to he flooded, for a canal in excavation, should it be found more economical on 
acconot of the value of the land through which it passes. The only new feature of 
this division is the basin now introduced. 

The first section begins at the mouth of the river Li^as, on the west shore of Lake 
Nieara^ua, and follows the valley of that stream for a distance of 8,260 feet, in which 
the wiath of the canal is 120 feet at the bottom and the side slopes li to 1, both in 
rock and earth. The river Ligas here turns to the south, and it is proposed to divei*t 
it and make it discharge into the lake a short distance south of its present mouth. 
The canid continues on the same straight line, crosses a plain about three-quarters 
of a mile wide, and enters the valley of the Guiscoyal, a small tributary of thcLajas, 
and at 4.7 miles from the lake it crosses the highest elevation on the line between 
the lake and the Pacific. This point is 42 feet above high lake, or 152 feet above 
mean tide in the Pacific, and is situated in a valley about 2 miles wide, deserving 
fecial mention by reason of the fact that it is the lowest depression of the main 
ndge between the Atlantic and Pacific oceans on the American coutinent. 

After crossing this divide, the line gradually descends at the rate of about 9 feet 
per mile, and in If miles farther it meets the Rio Grande, a mountain stream which 
drains an extensive area of the western slope of the Cordillera. The line of the 
canal follows the tortnous channel of the Grande, cutting across some of its sharp 
bends, or occupying the channel in short reaches. In 1| miles in frees itself from 
this contracted valley and outs across a broad plain as it turns to the westward and 
enters the basin of Tola, 9 miles from the lake. The distance across the basin by the 
sailing line is 5.504 miles. This basin is formed by the ^construction of an embank- 
ment 1,800 fbet long and 70 feet high, resting on two high hills at a place called 
La Flor. The method of construction of this embankment is in all respects similar 
to that adopted for the construction of the Ochoa Dam, and embankments in the 
San ¥Vanoisoo Valley. The rock for the fill will be obtained from the excavations 
for Looks Nos. 4 and 5, in the north abutment, and the earth from the canal excava- 
tion east of the basin. 

The level of the lake will be extended through the divide out and the basin to this 
dam, the top of which is established at 112 feet above sea level. Therefore, the lake 
will have to rise more than 2 feet above the proposed summit level before any water 
ntns over the weir. With a length of weir of 1,300 feet and the lock culverts capa- 
ble of discharging not less than 4,500 cubic feet per second, the level of the lake can 
be kept onder control, even in extraordinary floods. Yet a guard gate is proposed 
in the section of canal between the lake and the ''Divide^ to shut off the water 
from the lake in case of neeessity. No special provision has been made for the con- 
trol of the rivers Grande and Tola, and none is deemed necessary. Those streams 
will flow into the summit level, one between the lake and the Tola Basin, and the 
other at the northern extremity of the basin . The waters will be distributed between 
the basin and the lake, or partly used for feeding the locks, and should both rivers 
be in flood while the water in the basin is below the crest of the weir, and therefore 
most of the combined flow discharging into the lake, the current in the canal 
through its narrowest portion in the ''Divide" will not exceed 2 miles an hour, 
whieh can do no harm in. the rock cut, while in the larger portions of the canal the 
veloeity would of course be proportionally less. 

From the western end of tne valley of Tola to Brito, the canal, after leaving Locks 
Nos. 4 and 6, ents across a broad flat country, with an inclination of about 9 feet per 
mile, to the part, a distance of 2.28 miles, in which the excavation does not exceed 
that leqairea for the canal prism. 

These locks are proposed to overcome the difference of level between the summit 
and the Paoiflc. Locks Nos. 4 and 5 are located in the hill north of La Flor Dam; 
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their chambers are 650 feet long and 70 feet wide, and the lifts 42i feet in each. 
Lock No. 6f of the same dimeusioDS of chamber, is sitaated 1.58 miles below, its lifts 
being 21 feet and 29 feet, respectively, at high and low tides. Between this lock and 
the port of Brito, a distance of 0.57 miles, the canal will be at the level of the sea, 
with an enlarged section, and may be regarded as an extension of the harbor similar 
to that at the Greytown end of the route. 

HABBORS. 

OKRYTOWK. 

The observations and snrveys conducted by the hydrographic party and snbee- 

aiieut investigations by other engineers of the company have fully confirmed the 
leory based on previous surveys as to the nature and magnitude of the forces which 
caused the destruction of this harbor, and consequently the plan heretofore recom- 
mended for resisting these forces and restoring the harbor is now adhered to with 
but slight modifications in the details. 

The plan of restoration involves the construction of a jetty or breakwater 1,700 
feet long, nearly normal to the shore of the outer bar, and extending to the 6-fathom 
curve, and dredging from this latter depth off shore across the sand bank now clos- 
ing the harbor and m the inner bay. The jetty is located to the windward of the 
excavated channel which it is intended to shelter from the sea and protect from the 
wash of the waves and the traveling sands of the coast. 

The first section of the jetty extending from the shore to 15 feet of water is pro- 
posed to be built of creosoted timber, fascinage, and stone, and that portion in aeep 
water to be of "pierre perdue" or rubble, the stone to be obtained from the "Divide 
Cut." The entrance channel is estimatea to have a depth of 30 feet and a width of 
500 feet at the bottom, and the inner basin is designed of sufficient dimensions to 
afford easv access to the canal and to accommodate a large number of vessels, its 
excavated area on the bottom being 206 acres, which, with the area of the enlarged 
section of the canal at sea level to Lock No. 1, gives a total area of 341 acres of water 
28 feet deep exclusive of slopes of 3 to 1 and the remaining portions of the inner 
bay not deepened, yet having in many places a depth of 20 feet, in which a large 
number of vessels of ordinary size can lie. 

BRITO. 

The recent surveys have greatly added to previous information as to the natural 
conditions of this locality, which, by reason of its being of necessity the terminus 
of the canal on the Pacific, coast, has been spoken of as ''the harbor,'' when, aa 
remarked by Professor Mitchell, it is not even a roadstead. Yet the practicability 
of constructing a harbor at this point has not been disputed, the only difference of 
opinion being confined to details. The plan now proposed combines, ss nearly as 
possible, the most economical form of construction with that best aaapted to the 
physical conditions, and meets, it is believed, most effectually the objections raised 
against former designs. 

The broad valley of the Rio Grande stretches to the coast at this point through a 
wide gap in the main range of hills extending along the Pacific coast. This valley, 
it is believed, formed once a considerable bay, but is now filled up for a distance of 
about 6,000 feet from the beach to about the level of* high water. The proposed plan 
for the construction of the harbor consists, first, in a breakwater, 900 feet long, 
extending from a rocky promontory projecting from the beach at the western extrem- 
ity of the range of hills, and, second, another jetty, 830 feet long, normal to the 
beach, nearly opposite the extremity of the one before mentioned. The proposeil 
harbor wiU be partly in deep water confined by the jetties, but it<s main portion is 
proposed to be excavated in the alluvial valley, the whole forming a deep and broad 
basin penetrating 3,000 feet from the present shore line at high water and 3,900 feet 
from the entrance between ietties. As an extension of the harbor, the canal itself is 
excavated at sea level with an enlarged prism for a distance of 3,000 feet farther 
inland, where the tide lock has been located. It is believed that, with the basin ae 
designed and the prolongation of the sea level through the canal, sufficient tranquil- 
lity will be secured at the lock and in the harbor; but should this prove not to be the 
case, an enlargement of the main basin by dredging in soft material would be a qnoH- 
tion of but comparatively small expense. 

The breakwaters, as estimated for, are of ''pierre perdue," the material to be 
obtained from the rocky promontory or from the western divide out, the price 
allowed being on the latter basis. The harbor has an area of 95^ acres on the bottom, 
or excavated portion, and with the sea-level section of the canal the total area is 
103| acres of water, 30 feet deep, exclusive of the slopes of 3 to 1. 
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MATERIALS FOR COKSTRUCTIOK. 

As baa been stated in previous rej^orts, the i^hole line of the canal is well supplied 
with timber, generally of excellent qnality, though in [Home sections of the eastern 
division it has been deemed advisable to estimate for its use only on temporary 
works daring construction, such as trestles, laborers' dwellings, etc., the sheet piling 
and most of the bearing piles being imported from the Southern States, and oreosoted 
where necessary. On tne western division however, the wood, growing on ground 
l«8s moist, is of a very superior quality, and it is proposed to use it for ul purposes, 
its dnrability having been amply proved in every class of construction throughout 
the country. 

The rock proposed to be used for the dams, weirs, and breakwaters will be got from 
the divide cuts, which consist chiefly of basalt and various descriptions or trap of 
excellent quality for the purpose. 

Lime of tlie best quality is obtainable in the western division at many places, and 
the numerous specimens of work on which it has been used have stood the test of many 
generations, and are to-day in a state of perfect preservation: but it is calculated 
to supplement this supply with imported cement, which will be used largely in the 
form of concrete in the construction of locks, etc., clean, sharp sand being found in 
great abundance in the beds of most of the streams in the vicmity of the canal. 

DIBCBNSIONS AKD CAPACITT OF THB CANAL. 

In eetablishing the dimensions of the canal it has been my purpose to profit by the 
experienoe of t& Suez Canal, where a yearly traffic of 6,000,000 tons could not be 
earned through without serious delays to navigation. The reduction in the length 
of excavated canal accomplished by the last location in Nicaragua through the sub- 
stitntion of free navigation in deep and broad basins for a restricted channel gives 
Additional facilities for the construction of a waterway capable of accommodating 
not less than 12,000 vessels, with a net tonnage of 20,000,000 a year, at but a smafi 
increase cost as compared with the advantages secured, both for the commerce of 
the world and the economical administration of the enterprise. In fact, the imme- 
diate and prospective benefits obtained by the enlargement in the increased facilities 
for passing vessels and a considerable decrease in the cost of maintenance and preser- 
vation of the work fully Justify, it is believed, the additional expense in the original 
cost. It will be seen, on examination of the subjoined table, that of the 169.448 
miles, the total len^h of the canal from the Atlantic to the Pacific, 121.04 miles is 
unimpeded navigation in the river San Juan and in Lake Nicaragua, and 21.619 
miles through basins, making a total distance of 142.669 miles in which ships can 
travel with little or no restriction as to speed. Of the remaining 26.789 miles, 0.759 
is taken up b^ the six locks, leaving but 26.030 miles of canal actually in exca- 
vation. Of this latter distance 18. 1& miles are of canal larse enough for vessels 
traveling in opposite directions to pass each other, the sectionsS area being in excess 
of the largest area of the Sues Canal. The two sections of canal with contracted 
prisms are in the eastern and western divide cuts. The first is 2.917 miles and the 
other 4.924 miles in length, and located as they are, almost at the extreme ends of 
the summit level and in close proximity to the upper locks, it is believed that the 
slight additional facilities to navigation secured by enlarging the dimensions of the 
canal in these heavy rock cuts and the inconsiderable gain in the time of transit 
would not compensate for the larger outlay necessary. 

Table $kowing iKe difnenaions of the several eeoiioM of ike proposed canal. 



Seotion of canal. 



Length. 



Width 
of top. 



Width 

of 
bottom. 



Depth. 



Area of 
priaiD. 



Greytown to Lock No. 1 

LoekNo.ltoLockKo.S,oaiial 

LoekKo. 2toLoekNo. 8,o«naI 

Lock Ko. 2 to Lock No. 8, baain 

Lock No. 8 to ireatem end of eastern divide cat« canal. . . . . 
Loek No. 8 to ireetem end of eastern divide ont, Deaeado 

Basin 

Wcatemendof divide out to Oohoa, canal 

Weatem end of divide eot to Oohoa, San Francisco Basin . . 

Uver San Joan to Tore Rapids 

River San Jnanirhere dredging is needed 

Lake Hicaragna 

Lake to ireatem divide eat, canal • 

Wastom divide eatk canal 

Divide cnt to eaat end of Tola Basin, canal 

Xaatendof ToliiBaaintoLockVo.4,baain 

Leek No. 5 to Lock No. 6, canal 

Loek Kou 6 to harbor of Brito, canal , 



MUm. 

9.207 
1.258 
.185 
1.782 
2.917 

8.086 

1.233 

11. 267 

37.040 

27.500 

56.500 

1.565 

4.024 

2.510 

6.604 

1.582 

.»0 



Feet. 



Feet. 
120 



210 


120 


210 


120 


80 


80 


184 


80 








125 




150 


210 


120 


80 


80 


184 


80 



184 



80 
120 



Feet. 
28 
30 
80 
a30 
80 

(146 
80 
40 
a 52 
a28 
a50 



80 

a50 

80 



q.feH. 
5,712 
4,050 
4,050 



2,400 

(b) 

3.078 

(6) 

(J) 

(6) 

(ft) 

4,050 

2,400 

8,678 

(ft) 

3,673 

5,712 



ftUndetermined. 
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Table $k(noing the dimengions of the several aeoU(m$ of ike proposed canal— Continoed. 

BEGAPITULATION. 



Seotion of canal. 



Hiles. 



Length. 



Bemarks. 



Canal in excavation, eaiit side.. .., 
Canal in excavation, weat side — 

Six locks, both sidea 

Basinnof theDeeeado 

Baiiin of the San Francisco 

Basin of the Tola 

River Ban Jnau 

Lake Nicaragua , 

From the Atlantic to the Paciflc. 



14.870 

11.160 

.750 

4.848 
11.267 

5. 504 
64.640 
66.500 



MUet, 



26.780 



21.619 



121.040 
169.448 



Total canal in exeavatlon. 



Total leni^ of basins. 

Total natural waterways. 
Total lenjrth of canaL 



In the lake and in the greater part of the river San Jnan Teasels can travel with 
unrestricted speed, and in some sections of the river and in the basins, although the 
channel is at almost all points deep and of considerable width, th^ speed will be 
somewhat checked by reason of the curves. 

Official reports show that in the Snez Canal steamers of 4,400 tons can travel at an 
average speed of 6 statute miles per hour, and that smaller vessels travel throag[h the 
canal at tne rate of from 6 to 8 miles an hour. On this basis the following estimate 
of the time of transit has been prepared: 

EaUmated iifne of through traneii by $teamer, 

h. m. 

26.030 miles of canal, at 5 miles an hour 5 12 

21.619 miles in throe basins, at? miles an honr 8 05 

64.540 miles in the river San Juan, at 8 miles an honr 8 04 

56.500 miles in Lake Nicaragua, at 10 miles an hour 5 39 

Six lockages, at 45 minntes each 4 30 

Allow for detentions, in narrow cuts 1 80 

Total time of transit 28 00 

The traffic of the canal will be limited by the time required for a vessel to pass a 
lock, and on the basis of forty-five minutes, and that but one vessel will pass in each 
lockage, the number of vessels that can pass through the canal in one day will be 32, 
or in one ^ear 11,680, which, at the average tonnage of vessels going through the Snez 
Canal, will give an annual traffic of 20,440,000 tons. This estimate is on the assump- 
tion that the traffic will not be stopped during the night, for with abundant water 
power at the locks and at the basins the whole canal can be economically illuminated 
by electricity, and with beacons and range lights in the lake and river there seems 
to be no good reason why vessels should not travel day and night with perfect safety, 
and the outlay necessary for the illumination has consequenUy been included in the 
estimates. 

WATBR SUPPLY. 

Lake Nicaragua has a surface area of about 2,600 square miles, and a watershed of 
not Ipsa than 8,000 square miles. Gauges of its outlet, the river San Jnan, at its 
lowest stage between the lake and Toro Rapids showed a minimum flow of 11,390 
cubic feet per second. Colonel Childs estimated the discharge with full lake in the 
wet season at 18,059 cubic feet per second, which gives a mean flow of 14,724 cubic 
feet per second, or 1,272,530,600 cubic feet per day. 

Water required for loekage. 

Water required for— Cubic fee t 

One lockage on the east side 2,047,500 

One lockage on the west side 1, 983, 750 

One lockage on both sides 3,981,250 

Thirtytwo lockages per day 127,400,000 

This gives a daily excess for the lake supply only of 1.144,753,600 cubic feet. 

To the latter amount must be added the flow of the several tributaries of the San 
Juan River between the lake and the Ochoa Dam, and also the tributaties of the 
basins forming part of the snmmit level, which would fully compensate for leakage 
and evaporation. 

It is expected that considerable leakage will take place at the rock-flll dams and 
embankments before they consolidate and become tight, but this mmy well be aceepted 
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as ft desirable condition to aid in gradually disposiDf; of the surplus water without 
I large dieoharge over the weirs. 

The above statement shows that the lake discharge is about ten times larger than 
the maximum amount needed for the canal, and it may be safely estimated that for 
many years after the canal is opened for traffic the surplus from that source alone 
wiirbe double that amount, while at the oouiiuence of the rivers San Juan and San 
Carloe, above the Ochoa Dam, the excess may even reach forty times the quantity 
needed for the oanal. It is evident, therefore, that as long as the summit level can 
be maintained at the required elevation, the leakage through the rock tills, acting as 
safety valves, may be re^rded as an element of B4*curity rather than one of danger, 
especially as the tightening of the dam can be regulated by depositing suitable mate- 
rial on the upstream side or by dumping more stone on the lower slopes or on the 
crest, so as to preserve the desired elevation of the surface of the water. 

ESTIMATES. 

The estimate of the oost of the canal submitted with this report is the result of 
carefnl computations of all the works required for the completion of the canal and 
its accessories, based upon the data obtained by the last location, with numerous bor- 
ings along the whole route. Where no rook was met with the borings were carried 
to the bottom of the canal, and all material which the auger or luind drills could not 
penetrate has been assumed to be, and estimated for, as rock. The result is a much 
larger amonnt of rock in proportion to the cube to be removed than had been esti- 
mated before: and although the length of canal in excavation has been reduced by 
13.5 miles and the total amount of excavation by 3,567,565 cubic yards, in that por- 
tion covered by the report of 18^, yet the cost of that item of expense is now put 
down at $31,936,136.05 as compared with $33,447,338.80 in 1885. It is believed that 
when a more effective system of drilling is applied in certain portions of the line a 
much smaller amount of actual work will be found than now appears on the estimate. 
In the meantime, the error, if any, is made on the safe side. The eastern "Divide 
Cut," of but less than 3 miles in length, is represented in the estimate with 7,000,230 
cubic yards of rock in place and 22 per cent of the cost of the whole work, and refer- 
ence has been made, in describing the eastern division, to the existing facilities for 
doin^ this work and to the several purposes to which the material to be removed can 
be advantageously applied in the construction of the canal for the expense of trans- 
portation alone. 

In the western division the excavation in rock through the divide cut is estimated 
at 5,G96,507 cubic yards in a distance of 9 miles, but that work presents no serious 
difficalties, the maximum depth of excavation being only 42 feet above the surface 
of the water in the canal, and the mean only 20 feet, with ample facilities for dis- 
posing of watte material not needed for construction of the breakwaters, the locks, 
the embankments, and pitching the slopes of the canal. 

A comparison of the figures given in the estimate with those of the 1885 report 
discloaes what at first sight appears to be an inconsistency, viz, an increase in the 
total estimated cost of the canal of $1,047,978.25, and a decrease in the length of 
actn*l oanal to be excavated of 13.5 miles, and in the cube to be removed of 3,567,565 
cubic yards, as stated before. It will, however, be observed that the surveys made 
by the expedition of 1885 were confined exclusively to the land portions of the canal, 
the estimates for the other portions being based on previous incomplete hydrographic 
surveys, while the recent location, covering, as it does, the whole line from ocean to 
ocean, has produced the foUowin^ results: 

first. A reduction of the (quantities in all the sections actually located by the 1885 
expedition by the introduction of basins, etc., and certain modifications in detail in 
the location, thus: 54,015,602 cubic yards excavation in canal proper in 1885 report, 
and 50,448.037 cubic yards by present estimate, a difference of 3,567,565 cubic yards 
in favor of the new location ; though with regard to cost this has been more than 
balanced by the increase in the proportion of rock now estimated, as already explained. 

Second. In all the work connected with the lake and harbor of Grey town the 
increase in conseqnenoe of the more accurate data now obtained is for excavation in 
the lake of 4,902,908 cubic yards against 877,675 cubic yards in 1885, and in the harbor 
of Grevto w n of 9,550,000 cubic y aras against 4,080, 100 cubic yards. Besides, the addi- 
tion of certain other improvements, which have been spoken of in the copy of this 
report, fully explaining the apparent contradiction between the claims and the 
results of the recent exi>edition and giving further evidence of its extensive scope 
as well as its minute attention to detail, making it, as claimed, an improved location, 
tiie estimated cost only increased by more accurate knowledge of the country and 
conditions. 

Of the 26.789 miles of oanal in excavation, more than 12 miles will be done by 
dredging, the material to be deposited directly on both sides of the out, and the 
short cats in the San Francisco division, amounting in the aggregate to 1^ miles, are 
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subdivided in small sections across narrow ridges separating deep vaUeys, where the 
excavated material not needed for embankments can be damped in the ummediata 
vicinity. 

A railroad has been estimated for from Lock No. 1 to the dam at Ochoa, and between 
Lake Nicaragua and the Pacific, which, together with the lake and river and the 
smaller streams penetrating into the valleys of the Deseado and San Francisoo, will 
afford easjr and economical commnnication along the whole route. These small 
streams will be of special value at the start, as they proved to be in the prosecution 
of the surveys. It is admitted that the prices adopted in estimating the cost of this 
work should be greater than would be required for similar work located in any well- 
developed section of this country. A large percentage of the increased cost is oharj^e- 
able to the transportation of tools and machinery and to the difflcaltv in obtaining 
and providing for the workmen, the country from Grey town to the lake being unin- 
habited, and that between the lake and Brito but sparselv populated. The erection 
of houses for the protection of the property and accommodation of employees will be 
a necessary item of expense ; but the country is exceptionally healthy, and these 
structures need not be either substantial in character or expensive. The minority 
need be but temporary sheds built with material gathered along the line of the 
canal, at but little more cost than the labor in handling it; ^et, some delay and 
expense may be found unavoidable in the preliminary preparations for commencing 
the work. 

Another contingency which may cause a marked increase in the cost of the work 
is the physical inability of the imported workmen to perform the ordinary labor, as 
compared with that accomplished in a more temperate climate. The laboring classes 
of Nicaragua when under proper control are capable of an activity and endurance 
under great fatigue and exposure to the elements scarcely equaled in any other 
country, and with no apparent injury to health ; yet the same capabilities can not be 
expected in unacclimated foreigners, accustomed to different conditions of life. It 
is believed that not less than 6,000 excellent laborers can be obtained from the Cen- 
tral American States, and that with a judicious management all the help needed can 
be had from the Gulf States in this country where the climatic conditions are in 
many respects similar to those prevailing over a large portion of the canal route. 
The number of skilled laborers employed will be comparatively small. On the west 
side of the lake, where the greater number of laborers will be employed, the climate 
is not excelled for salubrity by any other portion of Central America, and in that 
portion of the eastern section from Ochoa to Greytown, which is the only locality 
where trouble from climatic causes might be expected, the unexceptional good 
health enjoyed by the employees of the company during more than six months of 
constant exposure to the influence of the climate, while undergoing all kinds of hard- 
ships and privations, seems to be an evident demonstration that no apprehensions 
need be entertained as to the climate. It will be observed that in this section the 
work is divided into two large classes, viz, the divide cut and dredging. The first 
is located in the most elevated and healthy portion of the line, and in the second 
the number of employees is reduced to a minimum, as manual labor is almost entirely 
excluded. The small force necessary to handle and care for the machinery will be 
either housed on the dredges or in quarters in the ''Divide" where, with the purest 
of waters from the mountain streams and the cool ''Trades" constantly sweeping in 
from the sea, -Uie slightest sanitary regulations will insure perfect health at all times. 

The prices adopted are believed to be ample to cover all possible contingencies, 
provided the work is conducted by an intelligent and business-like management. 

It is estimated that the canal can be completed in six years, of which time one 
year will be expended in marking oat the line and clearing the ground and in mak- 
ing the necessary preparations to commence active operations. 

CONCLUSION. 

In closing thi s report I b eg to express mv flrm r^"vigg^nR the resnH ; nf ^itti^tbI 
loi'col'"'*"'^'^^"" '^"'' i'lii'i^"'! ■^^fiiitiiinitionni tiliiil 111 In llliiinl ihnil and 



r ecommendegb is p e rf e etlj f pim.tlcttm 571^ee from complicated engineerinjg pr oblems. 

bi Tt ll nif fn t^linAtl "" ^'^" ^'^^ ^i^ '\i \ i nO Mai l WjI MTF^th ft Ain<^rir.an iMth mna. 

In making TIllu lutatio n , th e inf u rmati O g oBtained by previous surveys and explora- 
tions has been utilized with much saving of time and labor, and has greatly con- 
tributed to the thorough knowledge of the country traversed by the canal now in 
possession of the company; and it may be safely stated that the present location can 
not be materially improved upon. 

I take pleasure in expressing my high appreciation of the valuable services ren- 
dered by the officers of the expedition, to whose untiring energy and devotion to 
duty, under many adverse conditions, is due the success of the surveys. With such 
a large and efficient staff, in which the prevailing sentiment of eaoh seems to have 
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been to excel in the discharge of his duties, it is not in my power to make iodividnal 
references to merit, but my sincere thanks are extende<l to all ; yet I feel confident I 
ean make two exceptions with the unanimous approval of all concerned. 

Sabchief R.£. Peary, on whom deyolved the onerous duty of takiug the surveying 
expedition to Nicaragua, displayed from the moment of his arrival in the countiy the 
most ontiring energy, perseverance, and ability in the proper management and dis- 
tribation of the force under his charge and in pushing the work forward, deserving 
the highest commendation. After I took charge of the work his cooperation was 
e(|nally valuable. 

The other is Mr. J. Francis Le Baron, who has been for the last six months in charge 
of the surveying parties left in Nicaragua, and has rendered very valuable services 
in completing and perfecting the location of certain portions of the route where addi- 
tional information was deemed necessary. 

The medical corps rendered most important services, both in attendiug to the sick 
and in giving preventive advice, which proved both valuable and effective. It 
ihared also in the field work and in the drafting at headquarters. 

Bespectfnlly submitted. 

A. G. liJfiNOOAL, Chirf Engineer. 

Nicaragua Canal.— Estimates of Cost on Location of 1887-1890. 

EASTBKN DIVISIOK, 18.864 HILB8. 

£From Grey town to the eastern limit of the San Francisco Basin.] 

a^diUm 1,—Fram QreyUnon to the Divide, 15,947 milea. 

1,819,820 cubic yards excavation in earth above water, at 40 cents $727, 928. 00 

13,547,597 cubic yards dredging, at 20 cents 2,709,519.40 

172,288 CO bic yards stone pitching sides of canal, at $2 344, 576. 00 

925 aeree grubbing and clearing, at $100 92, 500. 00 

Lighting caual (at one-half mile intervals) 24 incandescent electric 

beacons and plant 67,000.00 

Lighting locks, 30 electric arc lights with separate dynamos for each 

lock 9,000.00 

Total 8,950,523.40 

SeoUon g.^The Divide, 2,917 miles. 

7,000,230 cubic yards excavation in rock, at $1.50 $10,500,345.00 

8,(04,904 cubic vards excavation in earth, at 40 cents 1, 213, 961 . 60 

169 acres grubbing and clearing, at $100 16, 900. 00 

Lighting canal (at one-half mile intervals), six incandescent electric 

beacons and plant 8,500.00 

11,600 linear feet of narrow section of canal to receive double fender 

waleseachside»at$4 46,400.00 

Total 11,786,106.60 

Bailroads and telegraphs. 

12 miles railroad from Lock No. 1 to San Francisco Basin, at $60,000. . $720, 000. 00 
22 miles telegraphs, Greytown to San Francisco Basin, at $500 11.. 000. 00 

Total 731,000.00 

Look No. 1. 

463,603 cubic yards excavation in earth, at 40 cents $185,441.20 

120.044 cabic yards concrete (rock obtained from the Divide Cut), at $6. 720, 264. 00 

2,400 cubic yards stone pitching in basin, at $2 4, 800. 00 

3,699 cubic feet fender wales, at 50 cents 1,849.50 

1.020 fender piles 45 feet long, at $13.50 13,770.00 

Gates 114,934.40 

Machinery 100,000.00 

Buildings 30,000.00 

Pumping 100,000.00 

Total 1,271,059.10 
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Lock No. g. 

308,918 cubic yards excavation in earth, at 40 cent8 $123, 567. 20 

120,430 cable yards concrete (rock obtained from the Divide Cut), at $6. 722, 580. 00 

2,400 cubic yards stone pitching in basin, at $2 4, 800. 00 

3,699 cubi c feet of fender wales, at 50 cents 1, 849. 50 

1,020 fender piles 45 feet long, at $13.50 13,770.00 

Gates 114,934.40 

Machinery 100,000.00 

Buildings 30,000.00 

Total 1,111,501.10 

Lock No, S, 

528,673 cubic yards excavation in earth, at 40 cents $211, 469. 20 

147,627 cubic yards concrete (rock obtained from the excavat i on ), at $6 885, 762. 00 

32 fender cribs, at $500 16,000.00 

Gates 188,440.00 

Machinery 100,000.00 

Buildings.... 30,000.00 

Total 1,631,671.20 

Harbor of Greytoum. 

Brush-and-pile pier, 900 feet long $190,214.50 

225,907 cubic yards stone in breakwater (from Divide Cut), at $1 .50. . 338, 860. 50 

9,550,000 cubic yards dredging sand, at 20 cents . 910, 000. 00 

Piers at entrance to canal 100,000.00 

Lighting and huoffing. 

One first-order light-house complete $100, 000. (X) 

Three range beacon lights 1, 000. 00 

One breakwater beacon light and signal tower 7, 000. 00 

Two pier-head lights 2,000.00 

One first-class (middle channel) Nun buoy 200. 00 

Two second-class (side channel) Nun buoys 200. 00 

Two third-class (side channel) Nun buoys 100. OO 

Total 2,649,575.00 

Auxiliary works. 

105,500 cubic yards dredging in earth and sand in diversion of De- 

seado, at 20 cents $21,100.00 

Embankment and weirs in valley of the Deseado: 

210,625 cubic yards rock till (from the Divide Cut), at 40 cents 84, 250. 00 

836,329 cubic yards earth in embankments and backing of weirs, at 

30cents..... 250,898.70 

79,658 cubic yards excavation of surface soil for embankments, at 40 

ients...... 31,863.20 

5,100 linear feet of sheet piling 30 feet long, 8 inches thick, say, 

1,350,000 feet, B. M., at $70 94,500.00 

250,000 feet, B. M., timber for cross-ties and guides for sh«et piling, etc., 

at$60.... -- :.......... 15,000.00 

200 bearing piles for trestles and guides to sheet piling, at $10 2, 000. 00 

2,500 linear feet of trestles for dumping stone, etc., at $22 55, 000. 00 

Total 554,611.90 

RECAPITULATION, KA8TBUN DIVISION. 

Section 1, from Greytown to the Divide $3,960,623.40 

Section 2, the Divide 11,786,106.60 

Uailroad and telegraphs 731, 000. 00 

Lock No. 1 1,271,059.10 

Lock No. 2 1,111,50L10 

Look No. 3 1,681,671.20 

Harbor of Greytown 2,649,575.00 

Auxiliary works 664,611.90 

Total 23^686^048.90 
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SAN FRANCISCO DIVISION, 12.5 MILES. 
[From the western end of the eastern ''Divide Cat" to the River San Juan.] 

ISSaeree, clearing trees from line of canal, at $100 $72,500.00 

30,909 cable yards excavation in rock, at$1.50 45,463.50 

2,698,195 cable yards excavation in earth, at 40 cents 1, 079, 278. 00 

Lighting canal at one-half mile intervals, 24 incandescent electric 

beacons and plant 65,000.00 

Guard gate or movable dam to control waters of the San Juan 300, 000. 00 

Total 1,562,241.50 

Bailroad and telegraphs, 

L^mUee railroad, at $60,000 $900,000.00 

40 miles of telegraphs from Divide to Castillo, at $500 20, 000. 00 

Total 920,000.00 

Embanlcmenta and weira in the valley of ike San Franoieoo. 

3,239,705 cnbio yards earth in embankments firom canal excavation, at 

SOcente $971,911.50 

1,575,459 cubic yards rock fill from the " Divide Cut," at 40 cents 630, 183. 60 

1^,415 cnbio yards excavation of surface soil for embankments, at 

50 cents 96,207.50 

12,600 linear feet of sheet piling 40 feet loug, 8 inches thick, say, 

4,500,000 feet, B. M., at $70 315,000.00 

1,458 gaide piles for sheet piling and for bearing trestles, average 30 

feet long, at $8 11,664.00 

524,000 feet, B. M., of timber in guides and cross- ties for sheet piling, 

etc., at $60 31,440.00 

27,585 linear feet of trestles for dumping rock and carrying railroad, 

at $22 606,870.00 

178 acres grubbing and clearing for embankments, at $100 17, 800. 00 

Total 2,681,076.60 

BKCAPITULATION, SAN FRANCISCO DIVISION. 

Excavation, lighting, clearing, etc $1,562,241.50 

Railroad and telesraphs 920,000.00 

Embankments and weirs in valley of the San Francisco 2, 681, 076. 60 

Total 5,163,318.10 

LAKB AND MVER DIVISION, 121 MILES. 

[From Ochoa to the western shore of Lake Nicaragua at the mouth of the Rio Lajas.] 

Section 1, — Bio San Juan, 64.5 miles. 

398,613 cobic yards excavation in rock under water, at $5 $1, 993, 065. 00 

422,540 cabic yards excavation in earth above water, at 40 cents 160, 416. 00 

2,150,900 cubic yards dredging in earth at, 30 cents 645, 270. 00 

377 acres grubbing and clearing across bends, at $100 37, 700. 00 

Lighting and buoying, 

10 middle channel spar buoys (Fort San Carlos to Toro), at $25 $250. 00 

80 Western River light beacons, at $50 4,000.00 

One electric arc lamp in signal tower at dam 3,000.00 

Three incandescent electric-light beacons at dam basin « 1, 000. 00 

70 miles telegraphs, at $500 35,000.00 

Total 2,888,701.00 

SeoHon £, — Lake Ificaragua, 56.6 miles, 

176^832 cnbio yards submarine rock excavation (west shore of lake), 

at $5 *.... $8^,160.00 

4,726,076 cnbio yards dredging (east side of lake), at 20 cents 9-15,215.20 

H. Doc 279 ^11 
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Lighting and huoying. 

One fourth-order lens in signal tower at month of Rio Lajas $7, 000. 00 

One 2-mfle range beacon 100. 00 

One fourth-order lens in keeper's dwelling at end of Solentiname Island. 6, 000. 00 

One second-order lens on hul, old Fort San Carlos 8, 000. 00 

One fourth-order ran^e light in signal tower (old Fort San Carlos) ... 1, 000. 00 

One second-class (middle channel) Nun buoy (at month of Lajas) .... 100. 00 

Two third-class (side channel) Nun buoys (at month of Lajas) 100. 00 

Five third-class (middle channel) Nun buoys (at entrance Rio San 

Juan) 160.00 

Total 1,857,825.20 

Dam across Rio San Juan at Ochoa. 

18,500 cubic yards ezcayation in earth, at 40 cents $7, 400. 00 

1 ,550 cubic yards concrete in core walls of abutments, at $10 15, 500. 00 

830 bearing piles for trestles and sheet piling 45 feet long, at $13.50. . 11, 205. 00 
3,3301ineal feet of sheet piling 30 feet deep by 8 inches thick, 800,000 

feet, B.M.,at$75 60,000.00 

1,180,000 feet, B. M., of timber in trestles, guides for shoot piling, cross- 
ties, etc., at $60 70,800.00 

807,920 cubic yards rock fill (from Divide out), at 50 cents 403, 960. 00 

629,090 cubic yards earth filling from excavation, at 25 cents . . • 157, 272. 50 

Total 726,137.50 

Embankments on San Carlos Bidge line, 

293,240 cubic yards earth in embankments (borrowed), at 70 cents.. . $205, 408. 00 

22,370 cubic yards excavation of surface soil, at 50 cents 11, 185. 00 

450 lineal feet sheet piling 40 feet long 8 inches thick, 144,000 feet, 

B.M,,at$70 1,510.00 

45 guide piles for sheet piling, averaging 30 feet long, at $8 360. 00 

18,000 feet, B. M., of timber in guides and cross-ties, for sheet piling, 

etc., at $60 1,080.00 

3^ acres grubbing and clearing for embankments, at $100 350. 00 

Total 219,893.00 

RECAPITULATION, LAKE AND BIVBR DIVISION. 

Section 1, river San Juan $2,888,701.00 

Section 2, Lake Nicaragua 1,857,825.20 

Embankments in San Carlos Ridge line 219,893.00 

Dam across Rio San Juan at Ochoa 726,137.50 

Total 5,692,556.70 

WESTERN DIVISION, 17.04 MILES. 

Section l.^From Lake Nicaragua to Brito, 17.04 miles, 

5,696,507 cubic yards excavation in rock above water, at $1.25 $7, 120, 633. 75 

5,399,316 cubic yards excavation in earth above water, at 40 cents. . . 2, 159, 726. 40 

1,066,666 cubic yards dred^ng in sand, at 20 cents 213, 333. 20 

20,753 cubic yards stone pitching sides of canal, at $2 41, 506. 00 

1,033 acres grubbing and clearing, at $50 51,650.00 

Lighting 20 incandescent electric beacons and plant 54, 000. 00 

30 electric arc lights and 2 separate dynamos at locks 9, 000. 00 

26,000 lineal feet of narrow section of canal to have double fender 

wales each side, at $4 104,000.00 

Total 9,753,849.35 

Diversion of the Bio Lajas into the lake, 

249,508 cubic yards excavation in earth, at 40 cents $99, 803. 20 

164,786 cubic yards excavation in rock, at $1.25 205,982.50 

Total 305,7^.70 
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Baihroai and teUgraphi, 

18 miles nttrrow-gange railroad, at $26,000 $450,000.00 

ISmilestelegrapLs, at$500 9,000.00 

Totai 458,000.00 

LaFhrDam, 

17 acrea grabbing and clearing, at $60 $850.00 

330,000 cnbio yards exoavation of snrfaoe soil, at 40 oentH 128, 000. 00 

3,320 lineal feet of sheet piling in two rows 20 feet long 8 inches thick, 

796,800feet, B.M.,at$75 69,700.00 

£2 baring piles for trestles and guiding sheet piling 20 feet long, 

at $6 1,610.00 

50,000 feet, B. M., of lumber for guides and cross-ties for sheet piling, 

at $60 2,500.00 

l^eOO lineal feet of trestles for damping material, at $22 35, 200. 00 

918,000 cabic yards earth from canal excavation, at 20 cents 183, 600. 00 

830,000 cabic yards rook fill from excavation for locks, at 20 cents. . . 166, 000. 00 

Total *. 577,620.00 

Locks No8, 4 and S. 

664,194 enbic yards excavation in rock, at $1.25 $830, 242. 50 

127,646 cabic yards exoavation in earth, at 40 cents 51, 058. 40 

100,000 cubic yards concrete (lock from the excavations), at $6 600, 000. 00 

1,020 fender piles, at $13.50 13,770.00 

3,689 cable feet fender wales, at 50 cents 1,849.50 

2,400 cabic yards stone pitching in basin, at $2 4,800.00 

Gates 250,000.00 

Machinery 150,000.00 

Baildings 45,000.00 

Total 1,946,720.40 

ndal Look No. 6. 

61,698 cnbio yards excavation in rock, at $1.25 $77,122.50 

124,800 cabic yards excavation in ear tn, at 40 cents 49, 920. 00 

126,000 cable yards concrete (rock obtained from the Divide cut), 

at $6. 756,000.00 

1,020 fender piles, at $13.50 13,770.00 

3,698 cabic feet of fender wales, at 50 cents 1,849.00 

2,400 cable yards stone pitching in basin, at $2 4,800.00 

Qates 114,934.40 

Machinery 100,000.00 

Baildings 30,000.00 

Pnmpiog 100,000.00 

Total 1,248,395.90 

Other auxiliarff work. 

Goard ffate or movable dam in the Divide $300,000.00 

Crib piers at lake entrance to canal 493,710.00 

Three swin^ng bridges over canal 60,000.00 

189,016 cubic yards embankment near site of locks, at 50 cents 94, 508. 00 

19,080 cubic yards masonry walls at head of Lock No. 4, at $10 190, 800. 00 

Total 1,139,018.00 

Harbor of Brito. 

5,668,898 cubic yards dredging, at 20 cents $1, 131, 779.60 

3S3,889 cubic yards stone in breakwaters (stone from Divide cut), at 

$1.50 576,848.60 

Lighting and buoying one second-order lens in signal tower on prom- 
ontory 10,000.00 
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One range-light beacon, inner base of promontory $100. 00 

Two pier-head lights 2,000.00 

One first-class (middle channel) Nnn bnoy 200.00 

Four third-class (side channel) Nnn buoys 200. 00 

Total 1,720,128.10 

Kight-of-way indemnity 100,000.00 

BECAPITULATION, WESTERN DIVISION. 

Section 1, canal $9,753,849.35 

Diversion of the Kio L^jas into the lake 305,785.70 

Railroads and telegraphs 459,000.00 

LaFlorDam 577,520.00 

Locks Nos. 4 and 5 1,946,720.40 

Tidal Lock No. 6 1,248,395.90 

Other auxiliary works 1,139,018.00 

Harbor of Brito 1,720,128.10 

Right-of-way indemnity 100,000.00 

Tipitapa Canal 275,000.00 

Total A 17,625,417.45 

GRAND RECAPITULATION. 

Eastern Division $23,686,048.30 

San t^ancisoo Division 5,163,318.10 

Lake and River Division 5,692,556.70 

Western Division 17,525,417.45 

52,067,340.55 

Surveys, hospitals, shops, management, and contingencies, 25 per cent. 13, 016, 835. 45 

Grand total 65,084,176.00 

Respectfnlly submitted. 

A. G. Menocal, Chitf Engineer. 

NoTK.— January 31, 1890. These estimates have been revised to conform to infor- 
mation obtained to date. 
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THE WORLFS COLUMBIAN WATER COMMERCE CONGRESS. CfflCAGO, 1893. 



THE NICARAGUA CANAL. 

By A. G. Mrnocal^ M. A. 8. C. E.^ Etc. 

II is aasamed that the reader is snfficieDtly acquainted with the early history of 
isthmian transit and the various tentative explorations and surveys conducted 
under the auspices of the United States Government, and by private individuals, 
from Tehuantepec to the southern limits of the Isthmus of Darien, with the view of 
ascertaining the most practicable route for the safe and economical construction of 
the canal, and that, alter several vears of most careful and thorough investigation, 
regardless of expense and labor, the field of inquiry was narrowed down to Panama 
and Nieara^a. 

In 1876 a nigh Commission appointed by the Government gave its final decision in 
favor of the latter route as possessing the greatest facilities for the economical and 
§afe construction of a waterway between the Atlantic and the Pacific. This decision 
was later on disregarded by the Paris lutemational Canal Congress, for in Mav, 1879, 
it voted in favor of a sea>level canal at Panama as the most advantageous and desir- 
able ronte for a profitable enterprise and a safe waterway. The sad history of that 
anfortnnate undertaking is ample Justification of the action of the Commission and 
an nnqoestionable proof of the soundness of their conclusions. And yet it may be 
proper to say that the plans now under consideration are far more complete uian 
those considered and indorsed by the Commission. 

THS SUBYXTS. 

Qoyemment inyestisation and American enterprise did not rest with that decision. 
There was a restless desire to improve, if possible, on what was already known to 
be good ; and, regardless of the attempt (which it was believed would prove fruit- 
lese) to overcome insurmountable dimculties at Panama, Government expeditions 
and private surveying parties succeeded each other at Nicaragua from 1880 to 1890, 
and &e whole ground was gone over ^ain. Every river, water course, valley, swamp, 
or hill likely to affect the construction of the work was carefully examined. Thou- 
sands of miles of transit and level lines were run in some sections of the route before 
a mile of canal location was finally decided upon; and this data, together with 
numerous borings, penetrating to the bottom of the canal, and at the sites of dams, 
locks, and embankments, comprise a vast store of exact knowledge, from which a 
final location has resulted, as perfect in its details, it is believed, as the natural con- 
ditions will pennit. The greatest obstacles met with at other localities are high 
elevations in the Cordillera separating the two oceans, requiring tunneling, or a high 
enmmit level with a large number of locks for which an adequate water supply was 
not obtainable, or torrential streams are encountered whose control within econom- 
ical limits defies the skill of the engineer. 

Nicaragua is free from all these obstacles. 

NIOABAGUA LAK« Ain> BIYEB. 

The greftt lake, a veritable inland sea, 110 miles in length by an average of 40 in 
width, Is the recipient of a watershed of 8,000 square miles, of which its water area 
represents nearly one-half. Its outlet, the river San Juan, is a noble stream. Its 
■ource is at the southeastern extremity of the lakeland flows throosh a broad valley, 
ahnost due east^ for a distance of 119 miles, to its mouth in the Caribbean Sea, south 

m 



DLgiiizediiy LaQOQ IC 



166 NICARAGUA CANAL, 

of Greytown. Its miDimnm flow is 12,000 cubic feet per second; the width Taries 
from 800 feet to 2,000 feet, and the average fall is 11 inches per mile. It main sonroe 
of supply is the lake, which, by reason of its large area, restricted watershed, and 
ample outlet, is not subject to sudden or larf^e fluctuation in level. Both the lake 
ana river are therefore free from floods ; and it is this important; invaluable feature 
which distinguishes this route firom all others, and which enables us to make use of 
the lake and a laree portion of the river as parts of the canal. The lake is separated 
fh>m the Pacific by a narrow strip of land, a true isthmus, but 12 miles wide at its 
narrowest point, it is at this point, also, that is found the lowest depression in the 
Cordillera all the way from the Arctic region to Cape Horn, and the summit, or crest, 
of the ridee rises but 42 feet above the lake, or 162 feet above the sea. Through 
this eap will be cut that section of the canal connecting the lake with the Pacific, 
and TOrmiuating on the coast at Brito, a small roadstead where a harbor is to be con- 
structed. From the lake eastward the river San Juan supplies the transit route to 
a point below its confluence with the San Carlos tributary, where the canal leaves 
tiie channel of the stream by a series of short sections in excavation, connecting a 
chain of artificial basins, and stretches in a well-maintained straight line to Grey- 
town, the Atlantic terminus of the waterway. This general outline and an inspec- 
tion of the map and profile will materially assist in arriving at a clear understanding 
of the route and engineering works proposed, which will now be described in detail. 

THB CANAL BOUTS. 

The lake, which is the controlling feature of the whole problem, is necessarily the 
summit level of the canal. The average yearly fluctuation of level due to wet and 
dry seasons is about 5 feet, its highest watermark beins 110 feet above the sea: and 
that is the elevation assumed for the highest summit level of the canal. A airect 
sailing line between the outlet at Fort San Carlos, on the east coast, and the mouth 
of the River L%|a8 on the west, a distance of 56.5 miles, comprises the lake naviga- 
tion proper. On that line the 90-foot contour (below the assumed level of 110 feet) 
is met with, about 14 miles from the outlet and 1,200 feet from the west shore. 
Between those points the depth gradually increases to 150 feet or more, the free 
navigable portions comprising the greater part of the lake area. Dredging in mud 
to an average depth of 9 feet will be required in the 14 miles on the east, and rock 
blasting ana dredging in the 1,200 feet near the west shore. Two piers are proposed 
on the west coast to protect the canal entrance. 

While the isthmus separating the lake from the Pacific is at its narrowest point 
not more than 12 miles in width, the most economical route connecting the lake 
shore with Brito has a length of 17.04 miles. It starts from the mouth of the Lajaa, 
a small stream draining a limited watershed to the south of the line, and trends 
westerly through a broad valley slightly rising toward the *' Divide," which it 
reaches at a distance of 4.7 miles from the lake. Descending thence on the Pacific 
slope, at the rate of about 9 feet per mile, at a farther distance of 1| miles it falls 
into the narrow, tortuous valley of the Grande, a drv creek during the dry season, 
but a stream or considerable flow in the rainy portion of the year. Its maximum 
volume has been estimated as high as 10,000 cubic feet per second ; but this is attained 
only in times of eztraordinay precipitation. In this narrow valley, confined by spurs 
of considerable elevation projecting from the highlands on both sides, there is not 
room for the canal and for an independent channel for the stream. A very favorable 
location has been made for the former, and it will be shown later on what disposi- 
tion is proposed to be made of the stream. In 1^ miles the Grande makes a detour to 
the westward; and the canal, free from the confining hills on the north, cuts across 
a broad valley to fall again into the stream at a distance of 9 miles from the lake. 
At this point the surface of the ground is 90 feet below the assumed level of the lake. 
The valley continues its uniform descent of about 8 feet to the mile, and graduallv 
expands until, at the junction of the Tola tributary, it attains the maximum width 
of 12,500 feet. At milepost 14, near a place called La Flor, tiie Grande passes through 



a narrow gap, flanked oy high hills, into the more extensive plain of Brito, border- 
Pacific. It was the originfd plan to cut a canal through this valley of 
four locks were contemplated, with the aggregate lift of 110 feet; bat 
anotner scheme has since been adopted, by which the valley in question is flooded 



Tola^ and four locks 

another scheme has siu%/« vwu cwcvrutrvu, %»j vrux^^u wuv YtmM.*%fj u* i^uvow^vu «» mw^^v^ 

and converted into an extensive navigable basin. This will be accomplished by clos- 



ing the gap at La Flor by a dam 1,8(X) feet long and 70 feet high, so forming a basin 
whose surface level will be the same as that of the lake and, m fact^ forming a part 
of it. The basin thus created will be 5.6 miles long on the sailing line, with m 
depth of water varying from 90 feet to 70 feet, and will have a superficial area of 
4,000 acres. 

The advantage gained by this plan consists not so much in saving canal excavation 
for a distance of over 5i miles (which is partly offset by the cost of the dam) as in 
the increased fi&oilities offered to traffic by the large, deep, and safe innsr harbor. 
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within 3 miles from the Pacific port^ where ships can lie at anchor, or pass each other 
vith safeirv and freedom when moYing in opposite directions. A better control and 
dispoBal or the snrfaoe drainage is provided by tliis treatment. Two locks will be 
placed at the western end of the dam, by whose combined lift the level of the water 
vill be lowered 85 feet, namely, from 110 feet above sea level to 25 feet. From 
these locks the canal route traverses the valley of Brito, a distance of 1.58 miles, to 
Lock Kg. 6, where the last drop of 25 feet is made to sea level. Bat as a tide of 8 
feet must be provided for the lock will have a variable lift of from 21 to 29 feet. 
From thia last lock to the harbor will be about one-half mile of canal, bat the prism 
has been so enlarged as to make that portion of the waterway an extension of the 
harbor itself. 

BRITO. 

The only well-foonded criticism of the Nicaragua route for an interoceanio canal 
is the lack of good harbors; but an examination of the existing physical conditions 
will show that while the construction of ample and safe ports will necessarily 
involve important and expensive works, yet the cost is not out of proportion to the 
magnitude and importance of the undertaking, and the engineering problems do not 
present more serious difficulties than those readily mastered elsewnere for objects 
leas important. 

Brito, barely a roadstead, is an indentation of the coast formed by a projecting 
spur from the coast ran^e. About li miles to the southward another headland juts 
into the sea. Between lies a cove now filled to about sea level with river silt and 
sand, but this opening, it is believed, was once an arm of the sea. The Grande 
trarerses this lowland through a narrow channel, and in it the tide ebbs and flows, 
with a depth at the entrance of about 10 feet at high water. The designs for the 
creation of this harbor contemplate the construction of two breakwaters— one about 
1,000 feet lone, projecting from the rocky nromontory on the west, and the other 850 
feet long and nearly normal to the beach on the east side. (See plan of harbor.) 
The entranoe will be between the jetties, and a considerable deep-water area will be 
confined, but the main portion of the harbor will be excavated in the alluvial valley 
of the Grande, the whole forming a broad basin penetrating 3,000 feet from the 
present shore line and about 4,000 feet from the entrance. Beyond this basin an 
enlarged section of the canal, about 3,000 feet long, extends to the nearest lock and 
fioma » snbstantial portion of the harbor itself. 

DRAINAQB. 

The proposed route of the canah from the lake nearly to the summit of the Divide 
Out, pursues a right line. The Lajas has its source in the hills to the southward, 
and in its course U> the lake intersects the canal line at a distance of 1.25 miles from 
its month. At this point the stream wiU be diverted through an artificial channel, 
carried along the south side of the canal and discharged into the lake. A small 
tributary empties into the Lajas near the point of proposed division of the latter. 
This brook, called the Guisooyol, will drain the country to the south as far as the 
hiehest pomt of the line, and the canal follows the general course of this brook. It 
wul be observed that the Rio del Medio, to the norm of the canal, drains the coun- 
try on that side from the vicinity of the Tola Basin to the lake, leaving but a small 
watershed to be drained into the canal or, if preferred, by a small ditcn which may 
be diverted to the lake. West of the Divide the canal, including the Tola Basin, 
lies within the watershed of the Grande. With the canal wholly m excavation, no 
doubt oould be entertained as to the necessity of diverting that stream, and careful 
surveys have been made with that object in view. It was found that to make a 
diversion channel on the south bank of the Grande would be a work involving some 
difficulties and heavy expense. A safer, less expensive, and far more satisfactory 
plan was found to be the diversion of the stream into the Juan Davila, a tributary 
of the Li^as, and through the latter into the lake, and a careful location has been 
made to that end. (See nlan of western division.) The plan ret^uires the construc- 
tion of a dam near "£1 Carmen,'' and the opening of a canal of diversion from above 
the dam, through the valley of Jobite and the water course Cumalca^ua to the 
DsYilA, beyond which no other work will be needed. With the adoption oi the basin 
plan, however, the additional expense demanded by this work seems to be of doubt- 
mi expediency. With a large reservoir acting as equalizer of floods^ possessing ample 
iaeili^ for discharging the surplus waters over a weir in connection with the dam, 
through the lock culverts eapable of discharging 5,000 cubic feet per second, and 
through the canal itself* eastward into the lake, it does not seem that any injurious 
results need be feared by receiving the waters of the upper Grande into the basin, 
especially as the extraordinary flooas, which seldom occur, areof but brief duration ; 
and, except at such times, the flow of the stream is insignificant, while for nine 
months hi the year it is nlL The problem, in any case, admits of a practical and 
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Batisfaotory Bolution, and perfeot immanity from all danger can be seoured by the 
expenditare of. say, $1,500|000. From the Tola Basin to the harbor the canal tray- 
erses a flat yalley; with no water course to provide for. 

ram bivxb sav jvajk. 

From the lake eastward this river will be made navigable for a distance of 64.5 
miles by the erection of a dam at Ochoa, and by dredging for the first 28 miles below 
the lake. Bock blasting will also be needed for a short distance at Toro rapids. 
The dam at Ochoa will there raise the water 56 feet. It will be 1,250 feet on the 
crest and 1;900 feet between abutments, with a maximum height of 70 feet. The 
river in its natural condition from the lake to the Atlantic, a distance of 119 miles 
bv its course, has an averajHre fall of 11 inches per mile, but this slope is not uniform. 
There are rapids at Toro, Castillo, and Machuca, with an ag^egate fall of about 20 
feet in a total distance, for the three, of not more than 2^ miles, the fall at Castillo 
being 4^ feet in a distance of 1,000 feet. On the other hand, between the lake and 
Toro, and for 15 miles below Machuca, the fall is not more than 1 inch per mile. 
Two ra])ids, where the first rock ledffc across the river is met with, is the natural 
weir which maintains the present lake level^ the crest being 9 feet above the proposed 
bottom of the navigable channel. At Castillo, where the ledge is 7 feet lower, 3 feet 
of rock excavation for a short distance will be needed ; and over the present Machuca 
rapids, 12 miles below, the .depth of water as raised by the dam will be not less than 
84 feet. Between the lake and Toro dredging to an average depth of 4i feet will be 
required throughout an aggregate distance of 24 miles, the material to be removed 
being eravel, clay, and loose stones. Below Toro no excavation will be needed in 
the bed of the river, except at the ledge at Castillo. Between the rapids the depth 
of water attained will varv from 30 to 50 feet, and from Machuca to the dam from 60 
to 190 feet. The width of the navigable channel, where no excavation is required, 
will average 1,000 feet, and, in excavation, 125 leet at the bottom. The surface 
width will at no point be less than 1,200 feet, expanding in places to 2,500 between 
the banks, and in the flooded adjacent vallevs to 1 mile or more. A fall of three- 
fourths of an inch to the mile has been allowed from the lake to the dam as the nec- 
essary slope to discharge the surplus waters. Consequently, the level of the river 
at the dam is estimated at 106 feet above sea level, or 4 feet below the lake. For the 
purpose of navigation, however, that portion of the river may be regarded as an 
extension of the lake, in which the maximum current will probably never exceed 
one-half mile an hour. 

TUB BAN OABLOS. 

A short distance above the dam the river San Carlos debouches into the Ban Joan 
from the south. This stream drains a large area in Costa Rica, and possesses in 
marked degree the general characteristics of a tropical torrential river, namely, 
extreme fluctuations in volume from a nearlv dry bed, with barely enough water to 
float a canoe, to a discharge of possibly 8,000 cubic feet per second. Its upper 
channel and tributaries, conhned by high banks and flowing from mountain slopes, 
crradnall^r broaden and flatten as they approach the lowlands near the San Juan, and 
tiie flanking hills recede from the banks, so that for a few miles above the confluence 
the San Carlos flows through a wide valley, elevated but a few feet above the bed 
of the stream. This valle^r will be flooded to the same level as the San Juan (106 
feet), and thus converted into a large basin or artificial lake, constituting a part of 
the summit level of the canal, navigable for some 20 miles toward the Costa Rica 
capital. The San Carlos will discharge into this basin or artificial lake at a locality 
some 20 miles distant from the nearest point of the canal navigation. The San 
Carlos is the only sand-bearing stream emptying into the waters of the canal. 
Discharging its waters into a basin of still water, it will deposit all the heavier sand 
and silt now brought from the highlands by the rapid current 20 miles from the 
canal line. The lighter material held in suspension will be carried alonff with the 
slowly moving current, which will always seek the nearest outlet, and be discharged 
over the vast weirs to be built in the coufiuiug ridge several miles south of the San 
Juan, and will never reach the channel of the latter stream. The lower part of the 
valley of the San Carlos will be flooded to a width of from 1 to 2 miles, and to a 
depth of 60 feet. It will reauire a long term of years to fill this basin lo as to 
encroach on the canal navigation. When that time does come, the San Carlos waters 
can, if desired, be diverted entirely by throwing an embankment across the valley 
and discharging the waters over the weirs previously built, and through eTJstlng 
water courses in the San Juan fSar below Ochoa. 

The oonfininff ridge to the east of the valley extends from the south abutment of 
the proposed dam in a southerly direction for a distance of 10 miles to the foot of 
the nigh mountains of the interior of Costa Rica. There are, however, several 
depressions in which the ground falls below the contour 114, adopted as top of the 
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eoDfinlnfl; tMurier. Theae gaps will be olosed by embankments, 7 of wbich will be 
bttilt wholly above the normal water level in the basin, 11 will have an average 
hdght of 21 feet, and 2 of 50 feet, with an aggregate base length of 130 feet, the 
total len^^ of embaakments on orest being 5,8l3 feet. 

TUB f AV FBAIYGISCO. 

Hie canal, as it learas the river channel a short distance above the Ochoa Dam, is 
located in the lower valley of Maohado Creek. Continuing easterly, it will cross 
the ridge dividing the valley of the Machado from a swampy region known as Florida 
Lagoon. It crosses the latter, and then, by a short cnt, enters the valley of the San 
Francisco; and, skirting some foothills to the soath, it enters the valley of the 
Chanchoe, follows this stream to its jnnction with the Limpio, and thence via the 
vallev of the latter to the foot of the dividing ridge. An examination of the plan 
▼ill DO necessary to a clear idea of the topoCTaphical conditions existing in this 
legion. It has reqoired much time, labor, ana perseverance to develop this topog- 
laphy, and the most careful study to make profitable use of the information thus 
ftcquired. 

It will be observed that the canal traverses four adjacent valleys. The Florida 
Lagoon drains into the basin of the San Juan by a small water course, the Danta: 
the San Francisco Valley by the stream of the same name, and the Limpio ana 
Chanchos by the brook Chanchos, tributary of the San Francisco, the latter, as well 
18 the Danta and Machado, being tributaries of the San Juan. All these valleys are 
to be converted into large, deep, navigable basins by extending through them the 
lummit level from Ochoa. Their outlets must therefore be closed by embankments; 
md the foothills, wherever their crests fall below the contour 114, must be raised to 
that level. The main embankments will have to sustain a water pressure of about 
60 feet, the level of the valleys beine about 46 feet above the sea. Six embankments 
will have an aggregate base lengni of 3,440 feet, and on the crest, of 13,685 feet. 
The embankmentis to close gaps in the chain vary considerably in height. Many of 
them are wholly above the ordinary water level in the basin — i. e.. from 1 to 8 feet 
high — while other gaps require embankments of much greater heignt. They are 61 
in number, with a total length on the crest of 17,836 feet. (See profile showing 
development of the San Francisco embankment line.) 

Several important advantages are gained by this treatment. The total length of 
basin created is 11.267 miles, of which 8.697 miles will have a water depth varying 
from 30 to 60 feet. In other words, of the 12.50 miles from the bank of the river 
San Juan to the deep cut to the eastward of this section, but 1.233 miles will be 
wholly and 2.570 miles partly in excavation. The economy, however, is not confined 
to the saving in excavation, against which must, of course, be charged the cost of 
the embankments^ but is principally in the enormous saving in the deep rock excava- 
tion following, and in the val'ev of the Deseado beyond, by carrying the summit 
level through into the valley of the stream. The increased cost to result from a 

Elan contemplating a much lower level would have been so great as to seriously 
andicap the undertaking financially. The gain in facilities of navigating and 
maintaining the oanal is also important. Through wide and deep basins vessels can 
move at frul speed, lie at anchor, or pass each other at all points^ while in the 
restricted channel the position and speeid of ships must conform to rigid regulations. 
The problem of drainage also admits of a more favorable solution. A low, level 
route from Ochoa to the Atlantic would be longer by about 12 miles, and wholly in 
excavation. In order to avoid the high ridges and projecting spurs, it must keep 
close to the banks of. and be but a litUe elevated above, the San Juan. The canal 
would therefore be in constant danger of destruction— on the south by the river 
flooda, and on the north by the accumulated drainage of an extensive watershed, 
presenting at all points complicated engineering problems of most difficult solution. 
By the high-level plan, the largest portion of that watershed is eliminated ; and, of 
the balance yet affecting the canal, a large area is converted into extensive reser- 
voirs, from which the surplus waters can, without difficulty, be discharged over waste 
weirs on the confining ndges into the low valley on the south, and through the 
numerous water courses traversing the same into tide San Juan« 

THS XA8TEBN DIVIDB QUT. 

Prooeedinff eastward, the route, on leaving the basin, outs aeroas a narrow neok of 
the int«rvezilng ridge, whidh is a spur of the main Cordillera bounding the San Juan 
waterdied to the north. The topographical conditions here are remarkable and 
extremely fsvorable. 

This ridge, as a broad mass of hiUs, extends on the south to the banks of the river 
Ban Jnan, often rising to elevations of 1,600 feet, and on the north it merges into the 
main Gordill«ra| but at the point selected the spur is nearly divided on the west by 
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the TftDey of the Chanoboe and Limpio, and on the east by that of the Deseado. It 
will be obseryed that the axee of theee two yalleys lie on a generally direct line 
between Ochoa and Greytown, and that their floors are at about the same level. 

The ridge is thus greatly contracted ; and here is also the lowest gap in the ran^e 
for many mUes on either flank, its highest point being about 299 feet above sea leveL 
The cut through this pass will be 2.91 miles long, with an average depth to the canal 
bottom of 141 feet; but at onepoint projecting a spur must be severed that requires 
a maximum depth of cut of S28 feet. The summit or lake level is carried throa^h 
this excavation and 3.08 miles beyond into the valley of the Deseado. 

THX DB8SADO. 

At this point the valley is spanned by a dam 70 feet high and 1,050 feet long, which, 
together with several small embankments in the gaps of the ridge, aggregating iu 
length 5,800 feet and having an average height of 20 feet, incloses a basm over 3 
miles long, in which a depth of from 30 to 70 &et is obtained without excavation for 
a distance of 2.60 miles. The summit level, therefore, stretches from the upper lock 
on the Pacific slope to this point, a total distance of 154 miles, or from within 2^ miles 
of the Pacific to within 12f miles of the Atlantic. 

The upper look in the eastern slope is located close to this dam. It will drop the 
level, 45 feet, into another basin formed by a second dam, 43 feet high and 820 feet 
long, and five embankments with total lengths of 1,763 feet by about 20 feet high, to 
close depressions in the confining ridges. The length of this basin is 1.95 miles, the 
wat«r level 61 feet above datum, and the depth 30 feet or over. By Lock No. 2, 
at the lower end of the second basin, the water level is again lowered 30 feet into a 
third basin extending for a distance of 1.25 miles to Lock No. 1. By connecting this 
last look with the flanking hills by ten small embankments, the lower section of the 
valley is partially flooded and the excavation materially reduced thereby. Lock 
No. 1 drops the canal 31 feet to sea level. From this point to the harbor of Greytowu 
(San Juan del Norte), a diHtance of 9.90 miles, the canal traverses an alluvial sandy 
and swampy plain, but little elevated above the sea, with no features deserving 
special mention. 

THS POBT OF ORSTTOWN. 

The harbor of Greytown some thirty years ago was yet a good and safe port, with 
an inner bay of about 500 acres area, with firom 20 to 30 feet of water inclosed from 
the sea bv a narrow sand spit extending from the main shore on the east to within a 
few hundred feet of the mainland to tibe west. The wester! v advance of the spit 
by the shifting sand, under the influence of the northeast winds and waves, had been 
gradually contracting the entrance for a long period, so that at the time referred to 
the channel was already quite narrow, with but 25 feet dentJli of water opposite tho 
extremity of the spit or '^hook." Nothing being done to cneck its progress, the spit 
continued to encroach upon the inlet, and about 1860 the harbor became a lagoon, 
separated by a narrow sand bank from the sea. After lon^-continued observations 
and investii^atious, and due consideration of experience gained elsewhere in analo- 
gous conditions, the following plan has been adopted for the restoration of the 
harbor: 

To build a jetty, perpendicularly to the shore line, projecting seaward about 3,000 
feet to the 6-iathom curve, and dredging under the lee of this breakwater an entrance 
into the lagoon, which will also be deepened over an area of 200 acres to the uniform 
depth of 30 feet. The shifting sands, arrested by the ietty, will gather in the east 
angle formed by it and the coast, will cause a gradual advance seaward of the new 
shore line, and in the course of time shoaling at the end of the pier, with tendency 
to move around and form a new bank across the entrance. This can be avoided by 
short extensions of the jetty from time to time as may be required, until the new 
coast line on the east becomes, in its general direction, perpendicular to the prevail- 
ing northeast winds. No further change on the coast need then be apprehended, 
and the permanent restoration of the harbor will be accomplished. 

The breakwater is to be built of ''pierre perdue,'' the stone to be brought bv rail 
from the Divide Cut. But in order to start the work, pending the construction of 
the railroad as far as the Divide, and the beginning of active operations there^ it 
was decided to build the shore end of the pier of a creosoted timber frame filled with 
fascines and rock, or concrete blocks, leaving it to the shifting sands to fill the voids 
and form a compact structure. It was expected by this means to afford enough pro- 
tection to permit the opening of a sufficient entrance channel, which was impera- 
tively demanded for the safe and economical landing of the stores and plant neces- 
sary for commencing the main work on the canal. The wisdom of this plan is shown 
by the results obtained, surpassing the most sanguine expectations. B^ the time 
the nier had been extended 600 feet into the aem, and without any assistanoe by 
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di^ipng, a channel with 8 feet of water was ohtained, and a short time later Tflseels 
dnwins 12 to 15 feet of water had no difficulty in entering the inner hay. The 
fiBt lyOOO feet of the jetty have already heen thus hoilt, and it is expected that the 
woodwork will soon he protected by stone from the excavationj and the work thus 
znide permanent. It is proposed to dredge the entrance channel to a depth of 30 
feet, with a bottom width of 600 feet, increasing gradually to the S4-foot cunre 
ofposite the head of the breakwater. 

RAINTAIX. 

Ihe total annual rainfall in Qreytown in 1890 was 296.94 inches; in 1891, 214.27 
iiehesy and in 1892, 291.15 inches. The maximum rainfall recorded is about 6 inches 
in twenty-four hours. The amount of precipitation decreases rapidly from the 
Atlantic coast to Lake Nicaragua. Records kept in 1890 at Greytown and at the 
fsot of the Eastern Divide, about 10 miles inland, show a decrease of 34 percent. 

Records kept at Bivas, west of Lake Nicaragua and 5 miles from the canal line, 
from XSSO to 1889, show a maximum annual rainfall of 87.21 inches in 1886 and a 
atnimam of 34.54 inches in 1885. Practically no rain falls from November to May 
OS the west side, while on the Atlantic slope more or less rain falls every month, but 
from Febmary to May it is comparatively dry. Ample provision has been made for 
tiie disposal of the surplus water in designing the works. 

DSAIKAaB. 

The problem of disposing of the surplus waters in that portion of the route from 
tke basin of the San Juan to the lower Deseado will now be considered. The flow of 
tiie San Jnan at Ochoa at high flood in both the San Carlos and San Juan has been 
found. by careful gauging to be 42,000 cubic feet per second. The river is known to 
have risen somewhat higher, but, as no gauging was made at the time, the above 
figures will be increased bv 50 per cent, making the possible maximum flow 63,000 
eabic feet per second, of which not less than two-thirds would probably come from 
the San Carlos, the upper San Juan not being subject to great alternatives of flow. 
The combined basins of the San Francisco re^don have a watershed of about 65,000 
square miles, and assuming a maximum rainfSl of 12 inches in twenty-four hours — 
about twice the greatest rainfall— there will result a possible discbarge of 21,000 
cable feet per second from the San Francisco basins. The watershed of the upper 
Deseado Basin is about 12 square miles, which on the above basis will yield a dis- 
charge of, say, 4,000 cubic feet per second, making a total of 88,000 cubic feet per 
•scond, for the discharge of which provision must be made. No deduction will be 
made on account of consumption in lockage, which may reach 1,500 cubic feet per 
eecond, nor for leakage, which may take up a much larger amount. Considerable 
allowance should, however, be made for the new conditions established by the intro- 
duction of large reservoirs, which will hold the waters back and regulate their grad- 
ual discharge in lieu of rapidly inclined streams fed by precipitous watersheds, 
which collect and discharge the rain water almost as fast as it is precipitated. Yet 
all these considerations will be for the present kept in reserve as a large margin of 
safety. 

Provisions wiU first be made for the discharge of 63,000 cubic feet per second from 
the basin of the San Juan. In doing so care will be taken to prevent any large dis- 
charge at any one point, which is likely to cause serious accidents by undermining 
and scouring or undue sudden changes in the level of the water. A large overflow 
in the vicinity of a dam will be avoided, and in the San Juan Basin the current 
should be directed for its outlet toward the southern end of the San Carlos Basin, or, 
at any rate, the water of that river must be excluded from the navigable channel of 
the canal as much as possible. This can be done by placing three or four weirs, with 
an aggregate length of crest of 1,200 feet, as far soutn on the eastern confining ridge 
as pnkcticable. llieir discharge will be led off into the swamps and lagoons imme- 
diately to the east of the ridge, and thence by Curena Creek into the San Juan about 
5 miles below Ochoa Dam, In this manner the sediment-laden waters of the San 
Carlos will be discharged directly, before reaching the San Juan, and the heavy 
deposits of silt so excluded from the valley. The crest of the weirs will be placed 18 
in&es below the crest of the Ochoa Dam, and in ordinary conditions the surplus 
waters will escape through these weirs, which will be the lowest outlets. 

It is proposed to place the crests of the Ochoa Dam (1,250 feet long) at 105 feet 
above &tum, or 1 foot below the water level of the canal at that point. The dis- 
charge under varying conditions of level will then be approximately as follows : 

At normal level, 106 feet cubic feet per second.. 2,900 

At 110 Ibet level do.... 32,000 

At 111 Ibet level do.... 41,500 
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The oresta of the weirs on the ridge will be placed at 103.5 feet above datnm, and 
their discharge for the total length of 1,200 feet may be estimated as follows: 

At normal leyel cubic feet per second.. 11, 300 

At 110 feet level do.... 47,700 

At 111 feet level do.... 65,300 

The combined discharge over the dam and weirs at normal, 110, and 111 foot levels 
will therefore he, respectively, 14,200, 79,900, and 107,800 cnbic feet per second; that 
is to say, the maximum floods will be discharged before the level of the basin rises 4 
feet above normal. In fact, it is unlikely that the level will ever rise nearly to that 
height as assumed, as a rise in the San Carlos Basin will have the effect of checking 
the flow of the San Juan, and possibly reverse the current temporarily toward the 
lake. For the drainage of the San Francisco Basin, three weirs, with a total length 
of overflow of 000 feet, will be built on the bordering ridge, so placed as to carry ofT 
the surplus water witnout producing injurious currents in toe basins. 

By placing the crests at the uniform level of 104 feet the discharge will be: 

At normal level cubic feet per second.. 4,100 

At 110 feet level do.... 21,200 

At 111 feet level do.,.. 26,700 

In the upper Deseado Basin 300 feet of overflow at 104 foot level will give the fol- 
lowing dlBcnarges in round numbers : 

At normal level cubicfeet per second.. 2,000 

At 110 feet level do.... 10,600 

At HI feet level do.... 13,300 

These provisions are more than ample to meet the maximum requirements in each 
of the basins without causing undue current in the short cuts connecting them. 

The possible accumulated discharge ttom the summit level at a given time may 
therefore be put down as follows: 

At normal level •• cubic feet per second.. 90,800 

At 110 feet level do.... 111,700 

At 111 feet level do.... 147,800 

It may be confidently asserted that the second figures will never be reached, and 
that the crest of the Ochoa Dam may be raised above the water level in the San 
Juan, and yet the highest floods will not reach the 110-foot contour, the weirs being 
ample to so limit it. 

Other provisions, however, have been made with the view to aid in construction, 
to facilitate repairs^ and, as additional precautions, to meet possible contingencies, 
especially in the series of embankments in the San Francisco Ridge, which it is ftankly 
acbnitted is the weakest feature in the whole route. These saiegaards consist of a 
guard gate to be placed in the cut connecting tne valley of the Machatlo with Florida 
Lagpon, by which the flow of water from the San Juan toward the San Francisco 
Basin can be shut off, and two antifHction gate sluices, one in the San FranciRco 
Ridge and the other in that of the upper Deseado, by which the water in these basins 
can be drained off to SO feet below normal level, thus relieving the embankments of 
that pressure during construction and enabling repairs in the cuts and embankments 
afterwards. 

These sluices have openings of 25 by 20 feet, with the lower sill SO feet below the 
normal level. Their capaci^ of discharge will vary with the head, being 12,500 cnbic 
feet per second for each when the water stands at the 106-foot contour. 

By these means 25,000 cubic feet per second Mlditional can be drawn from the sum- 
mit level, regardless of the lock culverts, through which 4,500 cubic feet per second 
more can be spilled. 

The middle Deseado Basin will be drained by weirs, with 400 feet length of crest, 
which will be 2 feet below ordinary leTcl, and capable of discharging from 2,700 to 
14,100 cubic feet per second at 61 and 65-foot levels, respectively. 

In the lower basin 500 feet lengths of weir are provided for, the estimated dis- 
charge being from S,400 to 17,000 cubic feet per second, respectively, at normal and 
S5-foot levels. Beyond the lower basin the surplus waters are diverted by a short 
cut into the San Juanillo, and through the latter into the San Juan to the sea. 

From Lock No. 1 to the harbor no Bi>eoial provision need be made to drain the 
adjacent country. The canal traverses a swamp with numerous natural drains, and, 
beinff flanked on noth sides by high embankments made by the earth spoil, it needs 
no additional protection. 
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OTHER CANALS. 



It will 1)6 interesting to oompare the sections first proposed for the Nicaragna 
Csnal with those of other ship canals existing and proposed : 



CaiuJ. 



Depth. 



Snrfftoe Bottom 
width, width. 



Area of 
prism, 



Length. 



Remarks. 



Origiaal dimensions, earth . . 
Sn&rged dimensions, earth . 



Hkarmgroa: 
Bockse< 



Bock section 

Earth section 

I>o 

Xancheeter: 

Earth seotf on , 

Bock section 

Amstetr an, earth section.. 

Oarinth, rook section 



Earth section 

Bock section 

Korth Sea and Baltie^ earth . 
Brogea....— 



Tut. 
26.20 
27.90 



80 



26 
26 
23 
28 

27.80 
29.50 
28 
26.26 



328 
828 



184 
184 



172 
130 
186 
77.4 

160 
91.8 
197 



Fti, 
72.2 
112.9 

80 
80 
120 

120 

120 
88.5 
72.2 

72.2 
78.7 
85 
65.6 



1?A 

5,412 

2,400 
8,960 
5,212 

8,796 
8,250 
8,156 
1,945 

8,227 
2,518 
8,930 
8,789 



100 

7.8 
9.7 
9.8 

85 

15.5 

4 

60 
6.5 



[Existing. 
[Enlarging. 



Proposed. 



Nearly completed. 

Existing. 
Nearly completed. 

Proposed. 

Conatmoting. 
Proposed. 



N. B. — ^The dimensions given are taken at mean low water. 

The Saez Canal cost $100,000,000, and in 1883 passed 3,807 vessels, with net ton- 
nage of 5,7752861 tons, hefore its enlargement was undertaken. This was accom- 
plished, notwithstanding the fact that the channel was so narrow that sidings had 
to be constrneted into which one vessel had to be placed while another was passing. 

In the Nicaragua Canal the narrow rock sections are divided into two and the east 
sections into many short lengths, separated by broad and deep basins, through whidi 
the largest vessels can steam and meet others without slacking speed. 

It was originally planned that some sections of the canal in earth would be 80 feet in 
bottom width, with side slopes of \\ to 1 and in the rock cuts with vertical sides. This 
would aocommodate the traffic for several years, and then the areas in cross section 
eonld be increased out of the eamings^ as at Suez, but at a greater ultimate cost. 
It haa been decided to make provision in the designs for the ultimate reauireroents, 
and the following table shows the length of the different sections of tne canal in 
excavation in the lake, the river San Juan, and through the basins, and also the 
dimenaions of prism for the same as now proposed : 



Length (miles). 



Bemarks. 



canal in excavation : 

East side 

West side 

Six looks, both sides 

Baaiosof theDeseado , 

Basin of the San Francisco 

Baainof Tola 

Birer San Joan 

Lake Kicaxagna 

Yrvm. the Attantlc to the Paddc. 



14.870 

1L160 

.759 

4.848 
1L267 

8.504 
64,540 
56.500 



26.789 



2L619 



121.040 
109.448 



Total canal in excayation. 
Total length of basins. 
Total length of route. 



The dimensions of the canal in excavation in the several sections are as follows: 



Length. 



Width. 



Top. Bottom 



Depth. 



Slope. 



Area of 
prism. 



From Greytown to Lock Ko. 1 

From Lock No. 1 to Eastern IMvide Cnt. 

Bast*xn Divide Cat , 

In eastern San Francisco Basin , 

From lake to Western Divide Cut 

Western Divide Cat 

Weatem Divide Cut to Tola Basin 

Lock Ko. 5 to Lock No. 6 

Lock Ko. 6 to Brlto Hsrbor 

Biver San Juan where dredged , 

Lake where dredged 



JTOm. 
9.297 
1.423 
2.917 
1.238 
L565 
4.204 
2.519 
1.582 
.570 
27.500 
14.250 



P(M«. 


Fut, 


288 


120 


210 


120 


100 


100 


210 


120 


210 


120 


100 


100 


210 


120 


210 


120 


(•) 


(•) 


r.{ 


126 


150 



fsee. 
28 
80 
80 
80 
80 
80 
80 
80 
80 
t28 
80 



8 tol 
l|tol 


Utol 
l{tol 


14 tol 
Utol 
2 tol 



\ q./H. 
6,712 
4,960 
8,000 
4,960 
4,950 
8,000 
4,950 
4,050 

i 



•Ysriable. 



tMean. 



t Undetermined. 
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THB SXCAYATI0K8. 

The character of the material to be remoTed, both wet and dry) has been acca- 
rately determined on the whole route by numerous borings penetrating to the bottom 
of the canal and on the site of the dams, embankments, and locks, to the depth 
required to ascertain in each case the natnre of the foonaations. In the harbor of 
Grey town and its approaches clean, sharp sand is the only material met with. From 
the harbor to Lock No. 1 and through Benard Lagoon the materials are sand and 
sandy clay, underlying a thin, loamy stratum and decomposed organic matter, and 
from the lagoon to the lower lock, stiff clay. The harbor and this sea-loTol portion 
of the canal will be made with the floating dredge. Slopes of 3 horizontal to 1 ver- 
tioal have been allowed in the estimates; but past experience sained in dredging by 
the company in the first mile of canal shows that the material stands perfectly for 
several months at a much less inclination, and in the exoayation for the railroad 
through the stiff, tenacious clay predominating in this region the material stands 
nearly yertical. However, slopes of li to 1 have be«i estimated for. From the 
lower look to the Divide Cut wis hard clay, with occasional bowlders, is the only 
material found by the boring tool on the axis of the canal throughout, and also at 
the site of the three locks and the embankment. This clay is imjMrvious to water, 
and has a large sustaining power, so that no apprehension is felt as to the character 
of the foundations. In the deep cut the geological formation is claj, overlying 
solid volcanic rock. (See geological profile.) Diamond-drill borings have been 
taken along the whole lengm of the cut to the bottom of the canal at intervals of 
about 1,000 feet; and the cores brought up settle beyond doubt the character of the 
material to be removed, and dispel all apprehension that this out might be a repeti- 
tion of the disastrous experience in the great Culebra cut at Panama. The slope 
allowed in clay is li to 1 and in rock ^ to 1 to the level of the water, and below that 
point vertical. In fact, there is no good reason whv the whole rock excavation 
should not be made with vertical sides. In the Corintn Canal, where the excavation 
is longer and deeper and the rook less homogeneous and softer, a slope of ^V to 1 has 
been carried down to the water level, and uie sides do not crumble or slide. From 
the Divide to Ochoa homogeneous clay has been found at all points; and, as shown 
in the preceding table, the standard section in soft material has been adopted through- 
out. At the site of the Ochoa Dam gravel, claj, and rock, in the order named, are 
shown by the borings. 

■MBANKMBNTS ASD DIMS. 

The embankments in the valleys and on the crest of the confining ridges sre pro- 
posed to be made water-tight of the ola^. which is of excellent quality tor this pur- 
pose, prevailing everywhere in those hills and valleys, but taken pnncipally from 
the excavations. The embankments rise 8 feet above the water surface, with top 
widths of 12 feet if not over 8 feet high, 15 feet if not over 15 feet in height, and ^ 
feet for heights above 15 feet. Water slope, 3 to 1 ; dry slope^ 2^ to 1. Top and water 
slopes to be paved with 2 feet of well-laid stones. Of these embankments, two in the 
valley of the Deseado and six in the San Francisco Basin, will be of considerable 
height, especially the latter, as the surface earth will be removed to form depths so 
as to insure a solid and secure foundation. 

The maximum water pressure against the Deseado dams will be 45 feet, and in the 
San Francisco but little more than 60 feet, as water always lies on the surface, or but 
little below it, in the valleys. These embankments, intended to impound so large a 
volume of water, are important works, and in their construction sound iudgment and 
great care most oe exercised ; but they present no more serious difficulties than have 
already been suocessftdly met at many other localities. In a paper like this details 
of construction, which belong entirely to the specifications for the works, can not be 
treated at length ; but it may be proper to remark that with good bottom to build 
upon and excellent material of construction and with proper execution, no apprehen- 
sion need be felt for the safety of works. The small embankments are numerous, it 
is true, but they deserve no special mention. They constitute a number of such oim- 
nary Jobs as the practical engineer is constantly called upon to handle. 

The Ochoa ana Tola dams are the keys controlling this great problem at the east 
and west ends of the summit level, and should not be passed without sjMoial notice, 
particularlv so the former, in which a novel method of oonstruotion is contemplated. 
This work has been for years the subject of long study and careful oonsideration. 
The diversion of the river San Juan is well nigh impossible, and oonstruotion by the 
usual methods, with either cut stone or concrete, of so important a work in opposition 
to the mighty power of the stream is a problem involving the most serious difficulties. 
It was at first proposed to buUd a stone dam upon a series of arches supported bv tiers 
starting from the foundation, through which the river waters could flow fireely during 
the oonstruotion of the main part of the structure, these openings to be closed by 
gates in the upper side when the upper part of the oam, its approaches and aprons, 
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wiare oompleted, and tben to be filled with masonry from the lower side while the 
vater was rising in the basin. This was, perhaps, as a practical solntion, probably 
the best under tiie cironmstances for that style of dam. bat its ezecation woald be 
tedioas, diffionlt, and ezpensivey and there was to be always present an element of 
doabt not easy to eliminate as to the final success. The building of the foundations 
and pilaster for the support of the arches in constant contention with the whole river 
would be a most difficalt undertaking, in which the items of time and cost would 
remain unknown quantities to its completion. Another idea has since been sufl^gested, 
which seems to embody simplicity, economy, and safety. It consists in dumping from 
•a aerii^ suspension conveyor large and small material, properly assorted, across the 
river from bank to bank until a barrier is created sufficiently high and strong to arrest 
the flow and hold the waters at the reauired level, the body of the dam to be made 
up of large blocks of stone, weighing from 1 to 10 tons, and smaller material to fill 
tiie voids. Its base will be quite broad, as compeared with the height, probably from 
iOO to 500 feet between the foot of the upstream slope and the end of the apron. The 
top is estimated 30 feet wide, the rock upstream sloi>e 1 to 1, and the apron or down- 
stream slope 4 to 1, with the lower portion flattening down to 5 or 6 to 1. 

On the upstream side small material, such as stone, fragments of gravel, clay, etc., 
selected as circumstances may require, will be deposited as the work advances, in 
•afficient quantity, as tight as wanted. It is not expected or even desirable to have 
a water-tight structare, the object sought being simply to oppose such an obstruction 
to the river as may be necessary to hold the waters at the required level. The mini- 
mum flow of the river is about ten times the water needed for working the canal. 
Consequently, nine-tenths of it can be wasted with advantage. That the dam will 
eventaally become tight there can be no doubt, as the small drifts and detritus 
foreod in by the current wiU gradually fill the voids and consolidate the structare. 

llie method of constraction will be qaite simple. After protecting the abutments 
against possible erosion, large pieces of rook will be dumped in the bed of the stream 
firom three or four cableways spanning the valley. The material should be distrib- 
ated nniformly over the area under the main portion of the dam, commencing 
npstream, and keeping up, as nearly as possible, an even level. Scouring will soon 
eause settling of the blocks into firmer soil, the upper level in the meantime beine 
constantly raised by depositing more stone, while the small material is being forcea 
by the current into the voids, and the overflow dislodf^ingand rearranging! the unsta- 
ble blocks until they reach a final resting place. This process to be continued until 
the reeistanoe at the bottom becomes so great as to check scouring due to mazimam 
pressure, when the dam will be carried up to the desired level. The riyer, in the 
meantime running over the mound, will readjust the material in and adapt the 
apron to the necessary conditions of stability to withstand the effect of the fall and 
carry off the water safely. If the dam is then raised so as to shut off a whole or the 
laivest part of the river flow, which can bv that time be discharged over the waste 
weirs, the structure will be permanent. If the river is not able to prevent the com- 
pletion of this work, having, on the contrary, greatly contributed to its construction 
by a better distribution and consolidation oi the material, now that the waters are 
diverted to another outlet, no fear need be entertained as to injury from that source. 
Iliere may be some settlement and final readjustment of the component parts for 
some time after completion, but that can be easily remedied by depositing more 
material where needed. It is believed that this dam will be safer, as it is by far 
more economical, than a stone dam. An earthquake might cause serious damage to 
a masonry dam, out it can do no harm to this. On the contrary, it may add to its 
consolidation by bringing the parts in closer contact. There are no cemented joints 
to be opened, and a seismic disturbance would have a tendency to compact rather 
than to disintegrate the large mass. The rock for the dam will be brought by rail 
fiom the Divide, and delivered immediately under the wire cables, each one of which 
will be capable of handling and depositing about 1,000 tons in ten hours. Conse- 
quently, tne work can be completed in from four to five years, and, if need be, in 
less time. 

DBBPENINO THK BIVEB BVB. 

Another work of some magnitude is rock blasting under water at Castillo and 
Tovo Rapids, amounting to about 400,000 cubic yards, the quantit^r to be determined 
by tiie side slopes found necessarv. This work can be more ecomically done before 
the water is raised to the assumed summit level, but not before the lower section of 
the rirer has been raised by the Ochoa Dam to the level of the upper rapids. Other- 
wise the excavation in the upper rock ledge might cause an undue faU in the lake 
level, which would fljeatly interfere with naTigation and the progress of the works 
in river and lake. This work presents no unusual difficulties, and the estimated 
cost of $5 per cubic yard wHl more than cover the cost. Above Tore Rapids dred^ 
ing will be needed in the bed of the river for about 24 miles. The average depth is 
4i ibst. The material is mnd, clay, silt, and some loose bowlders. 
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LAn DRSDGIKe AJXD PIEMk 

At the east side of the lake dredffiug will be needed for about 14 miles flrom tbe 
oniJet. The material is soft mad. The bottom width of the navigable channel here 
proposed is 160 feet, and the slopes three to one. That side of the lake being shel- 
tered Arom the preyailing northeast winds, no proyisions are needed to protect the 
channel. 

On the west side rock excavation in the lake, amounting to 176,000 cubic yards, is 
estimated for, also at $6 per cubic yard. Thts shore of the lake is exposed to tho 
prevailing winds and waves, and the canal entrance must be protected by two piers 
projecting to deep water in the lake. They are proposed of crib, for which the 
native hard wooa is admirably suited, and ought to ini filled with stone from the 
excavations. 

THS WESTERN DIYIDB. 

From the lake shore to the Tola Basin the excavation is ill rook and day, rock 

Sredominating through the Divide and clay in the valley of the Grande. Borings 
ave been ma^ae from the bottom of the canal all the way to the sea, and the amount 
and character of the material to be removed accurately ascert-ained. From the basin 
to Lock No. 6 clay is the material met with, and in the harbor area principally sand, 
with some mud and elay in the upper section. 

THE LA FLOR DAM, 

Numerous deep borinfrs have been lately made at the site of La Flor Dam, the 
results showing the sohd rock led^ to lie much deeper than the first earth auger 
borings indicated, and that the original plans for that work must be materially 
modified to adapt them to existing conditions. 

It was contemplated to build this dam of rock fiU^ on the same principle adopted 
at Ochoa; but the great depths of soft earth overlying the rock ledge, reaching in 
places to 96 feet below the valley, renders that plan inapplicable to this case, espe- 
cially as here, nnlike the San Juan, there is no large flow of water to assist in scour* 
ing the soft soil and in consolidating the fill. A dam with solid masonry core and 
earth slope is now proposed, spanning the valley, with a length of about 2,000 feet, 
an extreme depth for 1,000 feet length of 170 feet from crest to foundation of core, of 
which 70 feet will be above grouno^ and in addition to core walls aggr^ating about 
600 feet in length, penetrating the abutment hills to the rock ledge. Looks Nos. 4 
and 5 will also rest in this bed of rock, forming part of the dam abutment, and con- 
necting with the core wall at its western end. A waste weir, about 800 feet long, 
will be cut on the east side for the discharge of surplus water into the lower bed of 
the Grande. All this comprises a very important piece of work) but with good 
rock foundations and suitable material at hand, altnough its cost will be propor- 
tional to the magnitude of the enterprise, there is nothing to intimate serious enn- 
neering obstacles. Concrete will be used for the core walls and locks, the rock to be 
obtained from the Divide Cut. The earth fbr the puddle fillings and embankments 
can be had tnm the eanal excavation or from the valley in tha vioinitgr of tfaa works. 

VMM z^ocn. 

The locks are to be 650 feet long by 60 feet wide In the chamber. The lifts, as now 
proposed, will vary from 60 to 45 feet; and a change is under consideration by which 
the lift of Lock No. 3 may be reduced to 40 feet and that of No. 2 increased from 30 
to 35 feet. These high-lift locks must not be regarded as necessary features of the 
reject imposed by existing conditions. The gradual descent of the Pacific and 
itlantic slopes to sea level after leaving the Divide Cuts, combined with the highly 
favorable topography of the countrv traversed by the oanal. present many admira- 
ble sites for locks, the number of whioh could be so increased as to greatly diminish 
all the lifts. Such a plan, however, is not regarded as the best with a view to 
economy in original oonstruction and future maintenance, or in facility to the traffic 
through the canal. Of course, the matter of safety is of first consideration; but, 
with the exercise of proper care and engineering skill, the plans proposed can be 
successfully canled out. In the proposed plan for a look canal at Panama, lifts of 
86 feet, with a possible maximum of 46 feet at high water, were«dopted by the com- 
mission: but we can not recall any skip-canal lock in actual operation with lifts 
approaching these figures. Tet, in working out the problem, the mechanical details, 
altnongh necessarily of large proportions, have not so far developed any insur- 
mountable difficulties, either in construction or manipulation afterwards. TJie body 
of the lock is to be of concrete, with cut stones in the miter sills, the hollow quoins, 
and such angles as need protection frrom shocks. The gajtes will be of steel, to be 
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numipnlated bv hydraulio machinery, of whicli we have an admirable example at 
the St. Marye Falls Canal, where a look 519 feet long by 80 feet wide, and a lift of 
18 feety is filled in 11 minates and emptied in 8 minutes, the time consamed in open- 
inf or closing the gates more than 40 leet high being bat 1^ minutes. Another lock 
SOO feet long and 100 feet wide, with 21 feet minimum depth of water over the miter 
sill, is here under oonstrnction, and the time of filling and emptying the chamber 
▼ill be shortened by ffolarging the size of the culverts. 

TEMB OV LOOKAOB. 

The traffic passing through the canal will be limited by the time required for a 
resoel to pass a lock. In the St. Marys Falls Canal vessels of over 3,000 tons capac- 
ity are put through the lock inside of 20 minutes; and the writer has seen the 
whole oi>eration of opening the lower gates^ entrance of the steamer, filling the 
chamber, opening titie upper gates, and exit of the vessel from the lock, inside of 19 
minutes. In the Nicaragua Canal the operation of filling the lock and handling the 
gates will consume no more time, yet 45 minutes have been estimated as the average 
required for lockage. On that basis^ and allowing but one vessel in each operation, 
the number that can pass the canal m one day is 32, or in one year 11,680. At the 
a?eraee tonnage of vessels using the Suez Canal, these would supply an aggregate 
of 20,440,000 tons. The traffic through the St. Marys Falls Canal look in seven 
months in 1891 was nearly 9,000,000 tons, and in the same time in 1892 it exceeded 
11,000,000 tons, or at the rate of 19,000,000 tons annually; and the maximum capacitv 
of the lock has not yet been reached. The vessels taking the Nicaragua route will 
be mnch larger than those upon the Great Lakes, and the tonnage per lockage wiil, 
conseqnently, be proportionately greater. For this reason a single system of locks 
has been proposed at the start: and, when the business requires it, parallel locks can 
be built and the capacity of tne canal doubled. Attention is called to the impor- 
tant feature of having all the locks connected with large basins, which will greatly 
facilitate the movement and allow the withdrawal of a large volume of wa&r in a 
short time without injurious current or marked fluctuations of level in the basins. 
The question of water supply needs but a passing reference, the maximum amount 
reqnired for the 32 lockages, on the improbable basis of 1 lock full for each oper- 
ation, namely, 127,400,0(X) cubic feet, being but one-tenth of the minimum daily 
diseharge of the lake. 

TIME OV TRANSIT. 

In estimating the time of transit firom ocean to ocean, the speed in the excavated 
sections of the canal has been limited to 5 miles an hour, although in the Suez Canal 
steamers of 6,000 tons are allowed to move at 6 miles an hour and Bmaller vessels 
proceed at the rate of 7 or 8 miles an hour. In the lake and in the greater part of 
the river San Juan vessels can travel with unrestricted speed, hence: 

Estimated time of through transit Jfy steamere. 

b. m. 

26.090 miles of canal, at 5 miles an hour 5 12 

21.619 miles in basins, at 7 miles an hour 3 05 

64.540 miles river San Juan, at 8 miles an hour 8 04 

56.500 miles in lake, at 10 miles an hour 5 39 

Six lockages, at 45 minutes each 4 30 

Allow for detentions 1 30 

Total time of transit 28 00 

TRANSPORTATION FACILITIES. 

Railroad lines have been projected from Greytown to the river San Jnan at Ochoa, 
a distance of 37 miles, and from the lake to Brito, 18 miles. Of the former distance 
12 miles are already finished, firom Greytown toward the Divide, and are now in 
excellent condition and in operation in connection with the canal works. As soon 
as the rock is reached, the road will be extended across the Greytown Lagoon to the 
breakwater at the harbor entrance, upon which the rock ftom the excavation will 
be brought and dnmped directly, as at Galveston, Tex. 

PRRIOD FOR CONSTRUCTION. 

The time in which the eanal can be finished will be controlled by the time needed 
to complete those important works without which the traffic can not be established. 
It has been pointed out that the Oohoa Dam oan be finished in four or five years. 

H. Doo. 279 ^12 
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The Tola Dam; the locks, and the harbors can also be done in that time. The West- 
ern Divide Cut contains about 11,000,000 cubic yards of rook and earth; but the 
excavation is about 9 miles long, and the greatest depth but 72 feet, oonseouently 
this work is of lesser magnitude than the Eastern Divide, in which a probable total 
of 12,000,000 yards will have to be extracted and removed from a trench less than 3 
miles long at an average depth of 141 feet. It is, therefore, to this latter work that 
we will have to look for a limitation in estimating the time in which the whole 
rente can be opened to the world's trafSo. On the basis of 12,000,000 cubic yards, 
of which two-thirds will be rock, assuming six years' continuous work^t the rate 
of ten hours a day, there will be an output of 6,700 cubic yards per da^. This amount 
of material can be lifted and landed on the oars by 22 overhead wire cables at the 
moderate rate of 300 cubic yards each per day, and can be hauled to the dump or 
place of destination by 112 train loads of but 120 tons each, or, say, 11 train loads 
an hour. About one-eighth of this will go as far as Oohoa, for the oonstruotion of 
the dam. and about the same amount for the breakwaters and the looks Noe. 1, 2, 
and 8. Of the balance, one-half will probably be needed for the embankments in 
the valleys of the Deseado and San Francisco ; and the rest can be deposited in the 
vicinity of the excavation, but a few hundred yards away. Allowing for repairs, 
accidents, and other unavoidable delays, it may be estimated that a plant oomprisinff 
30 cableways, with attachment and machinery, 50 locomotives, and 1,000 oars wiU 
be ample for this work. The above would be a rather heavy traffic to handle, if 
sent out over the main line, but, distributed as suggested above, with a large por- 
tion of it sent off on spur tracks from both sides of the 3 miles of excavations, to be 
deposited in the numerous ravines and valleys in the vicinity of the work, it does 
not look unmanageable. But, if need be, work can be carried on without interrup- 
tion by the aid of electric lights. Therefore, as regards the disposition of miaterifu, 
six years seem to be ample; and as to the work of dig^g and blasting, it will be 
admitted that the mind capable of organizing and carrying out the former will have 
no difficulty in mastering the latter. Consequently, the previous estimate that the 
oanal can be completed in six years after the works are fairly started is adhered to. 
On one section 2^ miles one way of the Manchester Canal, now under ooBstruction, 
the contractor has taken out for two or three months continuously at the rate of 
20,000 tons per day in one shift of nine hours. This includes ballasting, loading in 
waffons, hauling, and depositing. The plant employed consists of 59 locomotives 
and 1,400 wagons. The contractor has been much restricted and embarrassed in his 
operations by limited dumping grounds, which would not be the ease in Nicaragua. 

ESTIMATES. 

In estimating the cost of the canal, the following prices per cubic yard have beea 
adopted: Dredging, 20 cents and 30 cents; excavation in earth, 40 cents; excavation 
in rock, $1.50 and $1.25; excavation under water, $5; embankments, 40 to 70 cents; 
concrete, $6 to $10; rock fill, 50 cents; breakwater, pierre perdue, $1.50; gmbbinf 
and clearing. $100 per acre: railroads, $60,000 and $25,000 per mile; telegraph. $600 
per mile. Tne total cost or the canal is estimated at $65,000,000, inclusive of 25 per 
cent for contingencies, but exclusive of interest, commissions, and other charges not 
coming under tlie cognizance of the engineer, and on the basis that the work will be 
prosecuted with vigor along the whole line and without intermission. 
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NICARAGUA CANAL CONSTRUCTION COMPANY. 

REPORT OF THE BOARD OF CONSULTING ENGINEERS, MAY 9, 1889. 

2b the Ntearagua Canal dmitruoUan Company. 

Gbntlembk: The nnderaigned were requested by your letter of January 10, 1889, 
to exajnine the planB and estimated prepared by yonr ohief engineer, Mr. A. G. 
Menocal, for a ship oanal between the two oceans at Nicara^a, and to indicate the 
eosty in their judgment, of constmotine a canal alone the line proposed and follow- 
ing^ in general, the plans of yonr chief engineer, l^a also requested an opinion 
ii]K>n the practicability of the canal as now proposed, with due reference to the end 
in Tiew^ namely, the safe and eonyenient passage of seagoing ships from ocean to 
ocean. We beg to present the following r6x>ort : 

We hare carefully examined the unusually full maps, profiles, borings, samples of 
materials, etc., which have been prepared and coUeoted under the directions of your 
chief engineer, and the completeness and excellent form of which reflect credit upon 
jonr engineering staff. 

We find certain elements of the designs submitted which may probably be advan- 
tageonaly modified. This would, in some cases, reduce, and in others increase, the 
quantities. It is also altogether likely that some parts of the work may be let at 
lower, and other parts at higher prices than are estimated. We, howeyer, are dis- 
posed to base our conclusions on quantities and prices which should prove sufficient 
to aeeomplish it upon the assumption of good and honest management, backed by 
an ample treasury. We have necessarily borne in mind the fact tnat the cost of the 
notable {precursors of this canal project, both at Suez and Panama, has greatly 
exceeded the amount of the original estimates, and that this has been true of many 
other important works. While this might be, perhaps in a large measure traced to 
unfortunate management as well as the lack of such careful preliminary studies as 
hare been laid before us in this case, we haye neyertheless endeavored to guard 
against a similar result by a liberal allowance for every apparent contingency. 

Acting on this principle, we have not deemed it wise to reduce the quantities or 
prices of your chief engineer's estimates in any instance, even when it appeared 
possible that this might prudently be done. His figures are, of course, founded 
upon a better knowledge of the local conditions than we can now possess. But to 
the extent to which it has appeared at all doubtful we have liberally increased one 
or both. Our conclusions are as follows: 

The project, as a whole, appears to have comparatively few elements of doubt 
about it, as contrasted with other works of at all similar magnitude, and we con- 
sider it to be unquestionably feasible. The great area of Lake Nicaragua offers 
immunity from serious floods by regulating now. Much of the earth excavation 
and dredging, the rock drilling, and the concrete mixing can be done by mechanical 
means, to that extent reducing the need of manual labor. The dams and embank- 
ments are proposed to be made Itfgely from the immense mass of otherwise useless 
rock spoil. Under the climatic conditions, as we understand them, an adequate sup- 
ply of labor should be obtainable. The project in detail consists of the following 
elements : 

First. Of 10 miles on the east end and 0.57 mile on the west end of sea-level canal 
dredged in frt>m the coast. The borings submitted seem to warrant the opinion that 
this will be entirely through alluvial deposits, as is also the case in certain parallel 
river diversions. The samples of material taken from these borings all appear 
favorable for dredging, and the cost of such dredging can be foreseen with the 
greater precision, because less influenced by climate, weather, and rates of wages 
than most other engineering work. 

Second. Of a flight of three locks on each end, all within a distance of about li 
miles atone end and 2 miles at the other, by which the ascent is made from the sea 
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leyel to the snmmit hrel of 110 foot (thiB oloyatioa boing some 4 feet less on the 
oastern end to allow for a neoessary fall of three-fourths of an inch per mile in the 
San Jnan River). These looks are shown by the borings submitted to be all founded 
on rock. The proposed size for locks, 660 by 70 by 80 feet deep, seems sufficient for 
all demands. 

Third. Of a Tory long summit level of 156.98 miles, consisting of four main parts: 

(a) The great Divide outs of 8 and 8 miles in length, respectively, which are shown 
by the evidence submitted, to eonsist chiefly of rock, overlaid with a few feet of 
earth. 

(h) The Deseado, San Francisco, Machado, and Tola basins formed by dams, Air- 
nish 21.67 miles of slack- water navigation, 18.18 miles of which require no excava- 
tion, and the remaining 8.44 miles emh dredging only. 

(o) The river San Juan, raised In level by a dam at Ochoa so as to ftunish slack- 
water navigation, and Lake Nicaragua fomiBh, together, 121 miles of free naviga- 
tion, of which 86.5 miles require some earth dredging, and 8.88 miles some rock 
dredging. 

(d) An inconsiderable amount (1.68 miles) of canal section in earth, chiefly to 
connect the San Francisco and Machado basins. 

The two great rock cuts are by fu the heaviest features of the work. In consider- 
ing the plans for them and determining the proper amount and cost of work we have 
felt that every provision should be made to secure permanent slopes and to provide 
a section suitable for any vessels which can pass the locks. We think that tne esti^ 
mates, as modified hj us, will secure these results. 

The four ^^^at basins present a most admirable feature of the plans. As compared 
with arestnoted canal channel, they facilitate navigation as well as reduce the cost. 
They are made, as is also the slack- water navigation of the San Juan River, by dams 
and embankments of considerable extent, none, however, of very great height. 
The plans submitted provide for forming these dams and embankments chiefly of 
heavy rook filling, the proximity of the great rock cuts (from which material must 
otherwise be wasted) to the sites of these dams and embankments facilitating their 
permanent construction at moderate cost. While we are not ready to say that the 
details of the plans submitted may not be, in some respects, modified, we regard the 
estimates adopted as sufficient to attain the results desired, subject to the following 
contingency: 

There is the possible hazard in respect to the San Francisco and other basins, that 
they may not prove sufficiently retentive, owing either to leakage around the ends 
or under the bases of the dam and embankments, or to conceal^ permeable strata 
beneath the natural surface. We deem this a remote danger, since both the surface 
and subterranean formations, so far as revealed by borings and by the reports of the 
observations of reliable men familiar with the locality, are favorable. 

For a work of ordinary magnitude we would accept such evidence as ample, but 
in view of the great area and volume of the basins, we agree that the possibility 
ought to be covered by the estimate. The probability is sreat that there are no 
permeable strata beneath the surface; if they exist they might not necessarily cause 
leakage, and even if leakage resulted, it would not necessarily do serious harm. 
Concentrated leakage, if it occurred, might possibly be remedied, and, if it should 
develop at all, would be likely to occur at an early stage of the work of construc- 
tion. The worst result to be feared is that it might impel a modification of the 
original features of the project enforcing a lowering of tne water level at certain 
points, and at an additional cost of about $7,000,000. Under the circumstances, we, 
out of abundant caution, have deemed it wise and right to make the general con- 
tingency of allowance ($14,688,262) large enough, in our opinion, to. cover this 
amount. 

The requisite depth in the San Juan River and in Lake Nicaragua is obtained by 
a considerable amount of dredging, largely of earth, but also with an amount of 
rock blasting under water, the precise extent and cost of which it is exceptionally 
difficult to foresee. We have therefore made an allowance for this work. 

We have included in the estimates the sum of $1,085,000 for the diversion of the 
Rio Grande, as it seems proper to provide for the possible necessity of the diversion 
of this important stream from the canal. We have also included in the estimate 
the amount named by the chief engineer for the work that may be necessarv in the 
valley of tiie San Carlos and in the construction of the canal between Lake Managua 
and Lake Nicaragua, this construction being a requirement of the concession. 

Hie estimates for the harbor improvements at Brito and Oreytown we leave 
unchanged. It appears probable that the amounts estimated mav prove ample for 
all requirements other than gradual enlargement of basin areas, but whether so or 
not (and it is always extremely difficult to anticipate with certainty what may be 
the ultimate requirements for work of this class), we do not see the necessity in this 
work, as we do m the canal proper, for the endeavor to provide at the outset for all 
fhture demands of commerce. Sufficient expenditure prior to the opening of the 
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eanikl to meet reasonable requiremeDts for the first year or two after opening is all 
that we have taken into consideration in our estimates. The canal once opened, 
adequate harbors can certainly be provided at a moderate percentage on the total 
eoet of the canal, even should the sum herein estimated ror harbors and contin- 
gencies proTe insufficient. We must not be understood as implying by this state- 
ment, howeyer, that we now see reason to fear that the present estimate for harbor 
work will probably prove inadequate. Such is not the fact. 

It may not be regarded as improper to mention also that while the cuts, locks, 
dama, etc., should be completed for the full depths at the outset, something like one- 
filth of the total amount of the estimate is for dredging and earth excavation under 
water, which is not required to afford 20 feet draft, and which can be completed with 
little or no disadvantages after the canal has been so far constructed as to pass vessels 
of that draft, making it possible— if found advisable— to open the canal for 20 feet 
draft for about four-hfths of the final cost. 

Onr estimate, which is intended to represent the maximum sum which the canal 
ought to cost, assuming, as aforesaid, integrity, good management, and no interrup- 
tion of work from financial or other causes^ is as follows : 

Auxiliary railways, double track, standard gauge, from Divide Cut east to 
Greytown, and firom Divide Cut west to Ochoa Dam, 20 miles, and tele- 
graph, temporary and permanent systems $1,110,000 

Same on Pacific slope, Kio L^jas to Brito, 18 miles 459, 000 

1,569,000 

Harbor works: 

Greytown $2,550,667 

Brito 1,720,128 

4,270,795 

Eastern division: 

Section 1, firom Greytown to the Divide 5,298,527 

Section 2, the Eastern Divide 18,3:^3,639 

Locks Nos. 1.2. and 3 4,195,828 

Diversion of tne Deeeado and San Juanillo 982,016 

San Francisco division 5,411,551 

Lake and river division : 

Eio San Juan 3,685,701 

Lake Nicaragua 2,211,825 

Damat Ochoa 726,137 

Weetem division : 

From Lake Nicaragua to the Pacific 12,133,849 

Diversion of Rio L<^as 346,786 

LaFlorDam 577,520 

Looks 4, 5, and 6 and guard gates 3,899,116 

Rightof way indemnitv 100,000 

Auxiliary work— ffuard gates in Divide, piers at lake, bridges, etc 1, 139, 018 

Embankments and weirs in the valley of the San Cailos, and canal 

between Lakes Managua and Nicaragua 1,000,000 

Diversion of the Rio Grande 1,035,000 

For engineering management, labor agencies, shops, police, sauitary 

aervice, and incidentals 6,250,000 

73,166,308 
Add to oover specified and unspecified contingencies of construction, 20 
percent 14,633,262 

Grand total of estimate 87,799,570 

In conclusion, we think it proper to express onr opinion that the exploration and 
atadiee of the region have been snfiicient to warrant the conclnsion that, unleAS hin- 
dered by obstacles or sinister inilnences such as would, if permitted to weigh, forbid 
tiie success of all ventures, this enterprise is full of promise. 
RespectMly, 

John Booart. 
E. T. D. Mykrs. 
A. M. Wellington. 
H. A. Hitchcock. 

I concur in the foregoing estimates as being in the aggregate ample for the pur- 
poses stated. 

Chab. T. Habvby. 
]|AT9,lB8d. 
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SPECIFICATIONS FOR DREDOING REQUIRBD IN THE NICARAGUA 
CANAL AND ITS TERMINAL HARBORS. 

The dredging required to be done in the whole canal, including the terminal har- 
bors, the river San Juan and Lake Nicaragaa, Ib divided as follows: 

(1) Harbor of San Jnan del Norte (Greytown). 

(2) Section of canal from San Juan del Norte to Look No. 1. 
?3) River San Juan. 

(4) Lake Nicaragua. 

(5) Harbor of Brito and section of canal firom harbor to Lock No. 6. 

(1) HABBOB OF SAH JTTAN BSL NOBTB (GBBYTOWK). 

The plan for the restoration of the harbor of San Juan del Norte involves — 

(a) The constanction of a breakwater or Jetty, 2,000 feet long, nearly normal to 
the seashore and extending to the 5-fathom curve. 

(b) Dredging from this latter depth ofishore to and across the sand bank closing 
the harbor. 

(o) Dredging in the inner bay. 

The Jetty is located to windward of the excavated entrance channel, which it is 
intended to shelter from the sea and protect fh>m the wash of the waves. 

The proposed harbor forms a curved oblonff figure, with its southern end resting on 
the entrance to the canal and its northern end, or sea entrance, contracted to a narrow 
throat just outside of the beach, and then enlarged again to the 5-fatliom curve. 

At the extreme north end of the excavation, or 5-fathom curve, the excavated 
channel will have a width of 1,400 feet. This width gradually decreases toward the 
narrowest part, or throat, which is 500 feet wide at a point 1,450 feet distant from 
the 5-fathom curve, where the excavation begins. IfYom this narrow entrance to the 
shore line the distance is 350 feet, and across the sand bank from the seashore line to 
the water line in the inner bay aoout 250 feet, making a total distance of about 2,050 
feet fh>m the 5-fathom line to the shore line in the inner bay. 

The distance across the inner bay along the sailing line or axis of the harbor, from 
shore to shore, is 3,750 feet. 

The width of the harbor where it crosses the present southern shore line of Grey- 
town Lagoon is 1,300 feet, and the length of the extension of the harbor southwesterly 
from this line is 2,400 feet to the end of the regular canal section. 

The maximum width of the excavated channel is 2,800 feet on the bottom and the 
total length from the 5-fathom line to the canal entrance is 8,200 feet. 

All slopes are assumed outside of beach line as 6 horizontal to 1 vertical, and inside 
as 3 to 1, extending from the bottom of the excavated basin to the natural bottom 
or to the surface of the ground. 

The borinffs taken show the material to be removed to consist of sand, offshore 
and across the beach or sand bank, and sand with a slight mixture of clav in the 
inner bay. The contractor, however, is expected to examine and decide for himself, 
as no allowance will be ma^e should any of it prove to be of a different kind. The 
total amount of material to be removed, measured in place, is about 9,550,000 cubio 
yards, divided as follows : 

Cubic yards. 

Excavation from 5-fathom curve to seashore line 824, 500 

Excavation from shore line to shore line across beach 195, 300 

Excavation in inner bay to south shore of lagoon 6, 748, 700 

Excavation from south shore of lagoon to canal entrance 1) 781 , 500 

Total 9,550,000 
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These quantities are only approximatei due to the constant shifting of the sand 
4ff&OTe, and may be increased or diminished as the conditions may require. All 
aaterial to be removed will be measured in place from careful surveys and cross 
KctiozuB made before and after dredging, and will be paid for by the cubic ^ard. 
The oontraotor shall have the right of verifying the measuremeuts, and the decision 
of the chief engineer as to the amount of material excavated and deposited shall 
be final. 

A margin of 1 foot in excess of the depth stipulated will be allowed aud paid for. 

All shoals, lumns, or ridges left by the dredges must be removed. 

All the material excavated must be deposited on the lowlands in the vicinity of 
the harbor, on the pier or ietty at the entrance or east of that jetty, or at sea, north 
of the harbor and at depths not less than 12 fathoms. 

In oaee the material be put ashore through pipes by any hydraulic process, all 
snbankments, fences, drains, or any other work needea for conlinin^ the material 
and preventinff its sliding into the excavated channels, or for draining the banks, 
must be provided for and paid for by the contractor. 

It is estimated that not less than 1,000,000 cubic yards will be needed in connection 
with the construction of the jetty or pier, and the contractor must deposit this 
material at such time and at such places as the chief engineer may designate. All 
damping founds must be selected by the chief engineer. 

The limit of dredging will be staked out by the company, and any dredging done 
outside these limits will not be paid for. 

All stflkkes and tide gauges must be furnished by the contractor, under the direction 
of the engineer in charge of the work, and the cost of the same, together with that of 
the boats and men for setting them up, is to be included in the price of dredging. 

The work is to be carried on at such points and in such order of precedence as may 
be directed by the engineer. 

Any doubt as to the. meaning of these specifications and any obscurity in the word- 
ing of them will be explained by the chief engineer, who shall have the right to 
eorrcMst anv errors or omissions in them when such correction is necessary wt the 
proper fhlnllment of their intentions. 

No claims for extra work or for delay of any kind will be considered or paid unless 
an ag:reement therefor shall be made in writing and approved by the company. The 
contract price is to be full compensation for furnishing all the materals, labor, and 
appliances necessary and for all the work herein specified, including the removal of 
any logs or snags which may be encountered. 

All machinery to be used must be of approved make, kept iu good repair, and the 
whole apparatus maintained in good working order at all times. Scows, if used, 
must be sound and tight and of a draft adapted to the work. 

Inspectors shall be appointed by the chief engineer to see that the tide gauges, 
stakes, etc., are kept in proper order and to enforce a strict compliance with the 
terms of the contract. The contractor shall furnish each inspector with subsistence 
when he is on duty and with such facilities as are necessary for the proper execution 
of his duties without extra charge. 

Bidders will state in their proposals the time when the work shall be commenced, 
the amount to be done monthly, and the time when the work will be completed. 

(9 SBCTIOK OF CANAL FBOM THE HARBOR OF SAN JUAN DEL NORTE (GRBYTOWN) 
TO LOOK NO. 1 OF THE CANAL. 

This section of the canal is about 9^ miles long, and is to be excavated to a uni form 
depth of 28 feet below the level of low tide at Greytown. The channel will have a 
uniform width at the bottom of 120 feet and slopes of 3 horizontal to 1 vertical 
extending from the bottom of the excavation to the surface of the ground or bottom 
of wet swamps or lagoous. A margin of 1 foot in excess of that designated to be made 
will be allowed. Dredging below a depth of 1 foot in excess of that designated will 
not be paid for. 

All shoals, lumps, or ridges left by the dredge must bo removed. 

The elevation of the ground varies at every point along the liue from 1 to several 
feet above or below sea level. 

The material to be excavated is believed to be mad, loam, sand, and clay. Each 
bidder, however, is expected to examine the ground and decide for himself, as no 
allowance will be made should any prove to be of a different kind, except that solid 
rock and large bowlders will not have to be removed. No buried logs have been 
discovered by the borings, but if any are found they shall be removed by the con- 
tractor without extra charge. 

All excavated material must be deposited on the sides of the excavation and 
not less than ld5 feet from the axis of the canal, and all embankments, bulk- 
heads, fences, or whatever else may be needed for confining the material beyond the 
limit ipeoified (106 feet £rom the axis' of the oanal), most be maintained at the 
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oontraotor'B expense. AH material deposited inside of tbat limit will not be paid 
for, it being understood tbat in no case tbe excavated material will be allowed to be 
deposited at a distance of less tban 25 feet from the crest of tbe slopes of tbe canal 
pnsm as staked ont by tbe engineer in charge. The contractor will also be required 
to provide for draining off the water, and mast deposit the material as reqpircd 
by tbe chief engineer so as to facilitate drainage. 

Tbe estimatea amount of material to be removed in these 9i miles of canal isabout 
13|550,000 cubic yards, but the amount is approximate only, and may be increased or 
diminished. 

The company reserve the right to change the location of all or any portion of the 
line without affecting the contract price, provided the conditions as to the nature of 
the material and general character of the work remain tbe same. 

The dredging or excavation will be paid for by the cubic yard, and will be meas- 
ured, in place, by cross sections taken before and after dredging. 

The measurements will be made, as the work advances, in sections of 400 feet in 
length, these sections to be not lees than 200 feet in the rear of the dredge. 

^y filling that may take place as the result of sliding of tbe banks to a flatter 
slope than 3 horizontal to 1 vertical, aftw acceptance of a section, if required to be 
removed by dredging, shall be removed by the contractor and paid for at contract 
price. 

Any material sliding into the excavation irom the deposited bank shall be removed 
by the contractor without charge. 

The contractor, in his proposal, shall describe fully bis method of depositing mate- 
rial on the sides of the excavation, and he must satisfy the chief engineer that bis 
method is adapted to the work. 

All machinery to be used must be of approved make, kept in good repair, and tbe 
whole apparatus maintained in sound working order at all times. 

Tlie limits of dredgine will be staked out by tbe company, and any dredging done 
outside those limits willnot be paid for. 

All stakes and tide gauges must b6 furnished by the contractor, under tbe direction 
of the engineer in charge of the work, and the cost of the same, together with that 
of the boats and men for setting them up, is to be included in the price of dredging. 

Inspectors shall be appointed by tbe chief engineer to see that tbe tide gauges, 
stakes, etc., are kept in proper order, and to enforce a strict compliance with the 
terms of the contract. The contractor shall furnish each inspector, when he is on 
duty, with such facilities as are necessary for the proi>er execution of his duties 
without extra charge. 

The work is to be carried on at such points and in such order of precedence as may 
be directed by the chief engineer. 

Any doubt as to the meaning of these specifications and any obscurity in tbe 
wording of them will be explained by the chief engineer, who shall have the right to 
correct any errors or omissions in them when such correction is necessary for tbe 
proper fulfillment of their intention. 

No claims for extra work or for delay of any kind will be considered or paid for 
unless an agreement therefor shall be made in writing and approved by tbe company. 
The contract price is to be full compensation for furnishing all tbe materials, labor, 
and appliances necessary and for doing all the work herein specified, including the 
removal of any logs or sna^s which may be encountered. 

Bidders will state in their proposals the time when the work shall be commenced, 
the amount to be done monthly, and the time when the work will be completed. 

(8) BIYEB 8AK JTTAX. 

The dredging re<]^nired in the river San Juan is comprised between tbe river 
Savalos and Lake Nicaragua, a distance of about 28 miles by the course of the river. 
It will consist in deepening and widening the river channel, the depth to be made to 
be 28 feet below the level of the water m Lake Nicaragua when raised to 110 feet 
above the mean level of the sea, and the width to be 125 feet at the bottom of the 
excavated channel within such limits as tbe chief engineer may designate. 

A margin of 1 foot in excess of that designated will be allowed. Dredging below 
a depth of 1 foot in excess of that designated to be made will not bepaid for. 

Ail shoals, lumps, or ridges left by the dredge must be removed. The depth of the 
excavation varies at the different places of d»)dging. 

The material to be removed is believed to be mud, sand, clay, gravel, and loose 
stones. Each bidder, however, is expected to examine and decide for himself, as no 
allowance will be made should any of it prove to be of a different kind, except tbat 
solid rock and large bowlders will not have to be removed. 

All the excavated material Tnust be deposited on the banks of the river or in such 
places in the river as the chi#x engineer may designate. 

The oontractoTi in his proposali will descxibe lully his method of depositing the 
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Bfttenal on fhe buiks or in the river channel, as he mav be direoted, and he mast 
WKdafy the chief engineer that his method is adapted to the work. 

In ease the material be pnt ashore through pipes by any hydranlic process, all 
onbankmentSy fences, bulkheads, etc., needed for confining the material and per- 
mitting the water to run off must be made at the contractor's expense. The con- 
traetor must also provide all necessarjr drains and deposit the material as required 
by the engineer so as to fSacilitate drainage and prevent the material sliding back 
into the river channel. Scows, if used, must be sound and tight and of a draft 
adapted to the work. 

The estimated amount of dredging to be done is about 2,150,000 cubic yards. This 
amount is approximate onl^, and may be increased or diminished. 

The dredging will be paid for by the cubic yard, and will be measured in place 
(in the river) by cross sections taken before and after dredging. The measure- 
ments will be made and the work accepted in sections of about 4% feet in length, 
neasared not less than 200 feet back from the rear of the dredge. 

The decision of the engineer in charge as to the amount of material excavated and 
deposited shall be final. 

The limits of dredging will be staked out by the company, and any dredging done 
outside those limits will not be paid for. 

All stakes and tide guages must be furnished by the contractor under the direction 
of the engineer in charge of the work, and the cost of the same, together with that 
of the boats and men for setting them up. is to be included in the price of dredging. 

Inspectors shall be appointecT bv the cnief engineer to see that the tide gauges, 
stakes, etc., are kept in proper oraer, and to enforce a strict compliance with the 
terms of the contract. The contractor shall furnish each inspector with subsistence 
when he is on duty, and with such facilities as are necessary lor the proper execution 
of his duties, without extra charge. 

The work is to be carried on at such points and in such order of precedence as the 
engineer in charge may direct. 

Any doubt as to the meaning of these specifications and any obscurity in the word- 
ing of them will be explained b^ the engineer in charge, who shall have the right to 
correot any errors or omissions in them when such correction is necessary for the 
proper fnlnllment of their intention. 

1^ claims for extra work or for delay of any kind will be considered or paid for 
unless an agreement therefor shall be made in writing and approved by the company. 
The contract price is to be full compensation for furnishing all the materials, labor, 
and appliances necessary and for domg all the work herein specified, including the 
removal of any logs or snags which may be encountered. 

All machinery to be used must be of approved make, kept in good repair, and the 
whole apparatus maintained in sound working order at all times. 

Bidders will state in their proposals the time when the work shall be commenced, 
the amount to be done monthly, and the time when the work will be completed. 

(4) LAKB NICARAaUA. 

The dredging required at the east side of Lake Nicaragua extends from Fort San 
Carlos, at the outlet of the lake, about 72,500 feet, or 13.50 miles, west to the depth 
of 30 feet, when the water in the lake stands at 110 feet above mean level of the sea. 
It will consist in excavating a channel along that distance, the depth to be made to 
be 30 feet below the level of the water when raised 110 feet above mean sea level, and 
the -width at the bottom of the excavated channel to be 150 feet. 

The slopes of the proposed channel are assumed as 3 horizontal to 1 vertical, 
extending from the bottom of the excavated channel to the bottom of the lake. 

A margin of 1 foot in depth in excess of that designated will be allowed. Dredging 
below a depth of 1 foot in excess of that designated will not be paid for. 

AU shoals, lumps, or ridges left by the dredge must be removed. 

The depth of the excavation varies at dinerent places along the length of the 
ehsnnel. The average depth of the cut to 30 feet depth is about 9.8 feet and the 
greatest depth is about 17.3 feet. 

In ease the excavated channel assumes a natural slope flatter than 3 to 1, as herein 
■peeified, the filling that mav take place as the result of sliding of the banks, if 
required to be removed, shall be done by the contractor and will be paid for at 
contract price. 

Any material sliding into the excavated channel from the deposited bank shall be 
removed by the contractor without charge. 

The material to be excavated is believed to be mud, sand, and clay. Each bidder 
is expected, however, to examine and decide for himself, as no allowance will be made 
should any of it prove to be of a different kind, except that solid rook and large 
bowlders will not nave to bo removed. 
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All the excayated material mnst l>e deposited in the lake in such places as the chief 
engineer may dcHlgnate. 

The contractor; in his 2>ropOBal, will describe ftiUj his method of deiKwiting the 
materia^ and he most satisfy the chief engineer that his method is adapted to tho 
work. 

No material will be allowed to be deposited at an j point distant less than 1,600 
feet from the axis of the channel. 

In case the material be deposited through pipes b j any hydraulic process, the con- 
tractor must provide the necessary means to prevent its bomg washed back into the 
channel. Scows, if nsed, must be soond and tight and of a dr^ adapted to the work . 

The estimated amount of dredging to be done is about 4,726,000 cubic yards. This 
amount is approximate only, and may be increased or diminished. 

The dredging will be paid for by the cubic yard, and will be measured in place (in 
the lake) by cross sections taken before and after dredging. The measurements will 
be made and the work accepted in sections of about 4^ feet in length and measured 
not less than 200 feet back from the rear of the dredge. 

The decision of the engineer in charge, as to the amount of material excavated 
and deposited, shall be final. 

The limits of dredging will be staked out by the company, and any dredging done 
ontside these limits will not be paid for. 

All stakes and tide gauges must be furnished by the contractor, under the direc- 
tion of the engineer in charge of the work, and the cost of same, together with that 
of the boats and men for setting them up, is to be included in the price of dredging. 

Inspectors shall be appointed by the chief engineer to see that the tide g^auges, 
stakes, etc., are kept inproi>er order and to enforce a strict compliance with the 
terms of the contract. The contractor shall furnish each inspector with subsistence 
when he is on duty, and with such facilities as are necessary for the proper execution 
of his duties, without extra charge. 

The work is to be carried on at such points and in such order of precedence as the 
engineer in charge may direct. 

Any doubt as to the meaning of these specifications and any obscurity in the word- 
ing of them will be explained by the cnief engineer, who shall have the right to 
correct anv errors or omissions in them, when such correction is necessary for the 
proper fnlnllment of their intentions. 

No claims for extra work or for delay of any kind will be considered or paid for 
unless an agreement therefor shall be made in writing and approved by the company. 
The contract price is to be full compensation for furnisliing all the material, labor, 
and appliances necessary for doing all the work herein specified, including the 
removal of any logs or snags which may be encountered. 

All machinery to be used must be of approved make, kept in good repair, and the 
whole apparatus maintained in sound working order at all times. 

Bidders will state in their proposals the time when the work shall be commenced, 
the amount to be done monthly, and the time when the work will be completed. 

(5) HARBOR OF BRIXa 

The plans for the creation of a harbor at Brito involve the construction of two 
breakwaters or Jetties, one projecting from the promontory west of the entrance and 
the other nearly normal to the coast line to the east of the proposed entrance, and 
dredging in the valley of the Rio Qrande, extending to the beacn at that point. 

The dredging extends for a distance of 6,700 feet from the 5-fjftthom line to Lock 
No. 6 of the canal, which is regarded as the inner end of the harbor. This total dis- 
tuice is divided as follows : 

Feet. 

From the 5-fathom curve to low-water line 700 

From low-water line to end of main harbor 3,000 

From this latter point to Lock No. 6 3, 000 

The dredging will consist in excavating a basin, as shown in the plans of the har- 
bor, and its extension to Lock No. 6, the depth to be made to be 30 feet below low 
water in the Pacific throughout, and the width at the bottom of the excavated chan- 
nel in the extension from the basin to Lock No. 6 to be 120 feet. 

The slopes of the proposed channel and basin are assnmed as 3 horizontal to 1 ver- 
tical, extending from the bottom of the excavation to the bottom of the sea or to tiie 
natural surface of the ground. A margin of 1 foot in depth in excess of that desig- 
nated will be allowed. Dredging below a^depth of 1 foot in excess of that designated 
will not be paid for. 

All shoals, lumps, or ridges left by the dredge must be removed. 

In case the excavated channel assumes a natural slope flatter than 3 to 1, as herein 
specified, the filling that may take place as the result of slidings of tiM baaki, if 
required to be removed, will be paid for at contract price. 
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An the exoavated material must l>e deposited at sea or ashore at saoh places as the 
ekief engineer may designate. 

The contractor will descrihe folly the method of depositing the material, and he 
most satisfy the ensineer that his method is adapted to the work. 

No material will be allowed to be deposited at any i>oint distant less than 200 feet 

^ fiom the foot of the slope in the excavated channel or basin. In case the material is 

deposited through pipes by any hydraulic process, the contractor must provide the 

Bdcessory means to prevent its being washed into the channel or basin. Scows, if 

Hied, must be sound and tiffht and of a draft adapted to the work. 

The borings taken show uie material to be removed to consist of sand, or sand and 
iQd, and mud in the swamps. The contractor, however, is expected to examine and 
dseide for himself, as no allowance will be made shoula any of it prove to be of a 
different kind, except that solid rock and large bowlders will not have to be removed. 

The amount of material to be removed, measured in place, is about 6,700,000 cubic 
Tuds, more or less, divided as follows : 

Cubic yards. 

?rom 6-f»thom line to low- water line 860,580 

From low-water line to end of basin 4,798,318 

horn end of basin to Lock No. 6 1,066,666 

Total 6,725,564 

This amount is approximate only, and may be increased or diminished. 

The dredging will be paid for by the cubic yard, and will be measured in place (In 
ihe harbor) by cross section taken before and after dredging. The measurements 
will be made and the work accepted in sections of about 400 feet in length and not 
lees than 200 feet from the rear of the dredge. 

The decision of the engineer in charge as to the amount of material excavated and 
deposited ^all be final. 

The limit of dredgins shall be staked out by the company, and any dredging done 
' outside those limits will not be paid for. 

All stakes and tide gauges must be iumished by the contractor, under the direc- 
tion of the engineer in charge of the work, and the cost of the same, together with 
tlist of the boats and men for setting them up, is to be included in the price of 
dredging. 

Inspectors shall be appointed by the chief engineer to see that the tide gauges, 
stakes, etc., are kept in proper order and to eniorce a strict compliance with the 
terms of the contract. Tne contractor shall famish each inspector with subsistence 
when he is on duty, and with such facilities as are necessary for the proper execution 
of his duties, without extra charge. 
I The company reserves the right to change the design of the harbor and thereby 
increase or diminish the amount of material excavated. In case of increase, the con- 
tract price will be paid for the additional work; provided, however, that the change 
in plan does not change the general character of the material to be excavated. 

The work is to be carried on at such points and in such order of precedence as the 
eneineer in charge may direct. 

, Any doubt as to the meaning of these specifications and any obscurity in the word- 
ing of them will be explained by the chief engineer, who shall have the right to 
correct any errors or omissions in them when such corrections are necessary mt the 
^ proper fulfillment of their intentions. 

I No claim for extra work or for delay of any kind will be considered or paid for 

nnless an agreement therefor shall be made in writing and approved by the company. 

I The contract price is to be full compensation for furnishing all the material, labor, 

iuid appliances necessary for doing all the work heroin specified, including the 

[ removal of any logs or snags which may be encountered. 

All the machinery to be used must be of approved make, kept in good repair, and 
the whole apparatus maintained in sound working order at all times. 

Bidders will state in their proposals the time when the work shall be commenced, 
the amount to be done montaiyi and the time when the work will be completed. 
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